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Summary
This thesis describes a new, eight«*step synthesis of the 
■ [n](2Y5)pyridinopkanes starting from the appropriate macrocyclic . 
ketones. By this method [9] (2,5) and [7] (2i5)pyridinophane have 
been prepared® [?[) (2,5)Pyridinophane represents the shortest ■ 
para-bridged■aromatic compound to be synthesised and the spectral 
properties of this highly strained system are discussed.in detail. ,
A simplified acyloin cyclisation procedure is described, which 
employs a Vibro-stirrer for the generation of a fine sodium dispersion 
instead*./,of a. high-speed stirrer which, is normally used. This 
apparatus has been used to prepare ^JparacycloiDhane and a and. ' 
a, macropyclic ketone. An attempted acyloin cyclisation of 
2s5~di-(^— methoxycarbonylbutyl)-N-ethylpiperidine met ‘with .failure..
The bridging central methylene groups in a paracycXophane 
experience a shielding effect due to the induced ring current in 
the aromatic cycle. By replacing the benzene with a pyridine ring 
in this system the methylene groups will still be shielded but the 
degree of shielding will be related to the magnitude of the ring 
current and hence,, aromaticity, of the new aromatic ring. Using 
this approach a comparison of the nuclear magnetic resonance spectra 
of [9J(2,5)pyridinophane and [9] paracyclophane has been made to 
determine the aromaticity of. the pyridine ring... Of the two 
compounds, .the [9] (2,5)pyridinophane showed greater shielding of a 
central methylene proton. This leads to the conclusion that either, 
pyridine is slightly more aromatic than benzene; or, if the aromaticity 
of pyridine is the same as that of benzene then the additional 
'shielding effect may possibly be due to the influence of the nitrogen 
atom in the pyridine ring.
A high field shift of a central methylene proton was observed 
on formation of the N-methyl quaternary salts of [9] and [7](2,5)- 
pyridinophane. Evidence is presented to show that this was due 
to changes in the conformation of the bridging group caused by steric 
interaction with the K-methyl group.
A survey of spectroscopically and structurally interesting 
bridged compounds and a discussion of ring current effects on the 
chemical shifts of protons are also included.
As a result of the synthetic work, several possible routes to 
other bridged heteroaromatics are suggested.
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SECTION I
Introduction
Although the existence of bridged aromatic compounds has
been known for some time now, it is true to say that only within
the last two decades has there been any great expansion in the
1
study of these systems. Some 30 years ago it v/as thought that
only para-bridged lengths of 13 members were possible. But recently
2
it has been shown that an eight-membered para-bridged benzene and 
3pyricnne• can be synthesised and are stable compounds. The. seven-
k
membered bridge system was predicted by Allinger to be about as 
strained as cyclopropane. Attention has then turned to the synthesis 
of the shorter meta- and para-bridged aromatic systems which should 
show interesting physical and chemical properties. A. variety of 
synthetic methods have been employed in the preparation .of bridged 
rings; some of these are outlined in Section 3 and more, will-be 
described in this Section. A seven-membered para-bridged: pyridine 
has now been prepared in this present work. This, together with 
the six-raembered meta-bridged systems which have recently been 
prepared, represent the smallest bridged aromatic species at present 
known.
The literature up to 1964- on bridged aromatic systems has
■* ; ■ '• 5
been covered in an excellent and very exhaustive review by B. II. Smith .
6
:A survey-by Griffin of meta-bridged systems covered the synthesis 
of these.compounds. It is of interest, therefore, to review the 
literature from 196-!-. However, in viev; of the vast amount of work 
which has been published recently, this survey will be confined to 
those bridged systems where interesting physical and chemical 
properties are observed in the aromatic ring because of the strain 
imposed by the bridging system. Particular reference will be made
only to aromatic and heteroaromatic systems v/hich are bridged by 
polymethylene or carbocyclic groups.
The term ’phane’ for these systems has now become generally 
accepted. The name, cyclophanes, was originally applied to compounds
7containing a bridged benzene ring ;.this is now used as the parent 
name for these systems. All other aromatic and heteroaromatic 
systems are named after the parent compound by adding the suffix 
-phane with insertion of the letter o to indicate that they are 
bridged species. Thus a bridged furan ring is called a .furanophane, 
a bridged naphthalene ring a naphthalenophane, and so on. In addition, 
Vogtle has carried out a detailed development of the ’phane1 
terminology, extending and defining terms and covering its application
• 8,9to very complex structures .
Throughout this thesis all bridged aromatic compounds described 
will be named according to the ’phane’ terminology.
2 ,  ”1 0  • r _ " |
Cram and Knox were the first to prepare an |_oj paracyclophane 
ring .system by a novel utilisation of the Hofmann elimination reaction 
between 5-roethylfurfuryltrimethylammonium hydroxide (1) and p-xylyl- 
trimethylammonium hydroxide (2).
CH:
CI^NCCH^)^
OH.
(2)
CH3
O
toluene
A
ch2n (ch3)5
OH
(1)-<
CH>
CH.
Zn-Hg
HCl/AcOH
other
products
(3)
Reduction of the adduct (3) afforded the then shortest known para-
10bridged benzene, ring. In a. subsequent paper some aspects of the 
chemistry of this system were discussed*- As an indication of the
r V  11strain, in |_8J paracyclophane Gram' has recently reported what 
appeared to be a Diels-Alder adduct (4) between this compound and 
tetracyanoethylene«
NC- CN
CN
The [8] paracyclophane system was also obtained during the 
photosensitised antoxidation of the fiiranoparacyclophane (3)
followed by hydrogenation of the reaction mixture to give (3) as
■ 12 : • 
one of the products .
(5)
. • 13-
Cope and Pawson achieved the resolution of the optical 
isomers of [Sj paracyclophan-4-ene (6) as the platinum complex 
of (6) and-the optically active base a-methylbenzylamine.
(7)
LiAlH,
r- 0 A1C1
(6)
Optical activity is possible in a system such as (6), because 
the restricted rotation of the bridging group about the aromatic 
ring gives rise to an asymmetric molecule. When they tried 
decomposing the partially resolved complex it afforded only 
optically inactive olefin. This indicated that the molecule was 
undergoing spontaneous racemisation at room temperature due to 
rotation of the trans olefinic bond through the loop of the ring.
They obtained (6) by reduction of (7) with an excess of a 1:3 mixture 
of lithium aluminium hydride and aluminium chloride. In a later
1 r-n-i
paper Cope and co-workers prepared various deuterated |_oj para- 
cyclophanes for studies on the interconversion of enantiomers of 
these compounds by N.M.R. spectroscopy.
Evidence of severe stereochemical shielding by methyl groups
' ' 1.5 ’m  a bridging, system was observed by Blomquist and Smith .. in the 
compound 3*3*8,8-tetramethyl [10] paracyclophane (8). Despite many
(8)
attempts, they could not achieve the reduction of the acyloin 
(8,.R.= OH) or the ketone (8, R = H) to the hydrocarbon and 
attributed this to the shielding of the carbonyl group by the gem- 
dimethyl groups.
Balaban, in continuation, of his work on pyrylium salts, has
: 16
prepared a meta-bridged: pyrylium compound (9) from cyclododecene. 
This was then.converted .to the corresponding pyridinophane (10) by 
treatment with ammonia.
ch:
KH3
CH
3
CH.
CIO,
(9) (10)
In 1968, tv/o' Swiss workers, Gerlach and Huber, reported the 
first ever synthesis of [n] (2,3)pyridi nophanes by the intramolecular 
cyclisation of bis-(chlorovinyl)diketones (11) in the presence of 
ammonia under high dilution conditions. This afforded the [n] (2,5)~ 
pyridinophan-1-ones (12) which on-Wolff-Kishner.reduction gave the 
novel [n] pyridinophanes (13) 'V
(jJOCl
(CH2)n-i
C0C1
A1C13
HC^=CH
(1'3)
C0-CH=CHC1
< f 2 }n-1
C0-CH=CHC1
(1 1)
NH-
V/olff-Kishner
(12)
More interestingly, they succeeded in resolving [9] (2,5) 
pyridinophane into its optical isomers indicating that there 
was restricted rotation of the bridging group about the pyridine 
ring*
Around this time, developments, were also being made in the
8 ; ' 18 .
synthesis of bridged heterophanes . Nozaki and co-workers first 
reported the preparation of [8] (2,5)heterophanes of the type (1A-), 
by reaction of phosphorus pentoxide. (14, X = 0), ammonium carbonate: 
(14, X = NH). and phosphorus pentasulphide (1^ , X = S) with cyclo- 
dodecane-1 ,4-dione*■ From the spectral properties of these compounds
X = 0, NH and S
19For substituted pyrroles 
X = m
W). . /
the eight-membered bridging system appeared to cause deformation
of the heteroaromatic ring* One compound, the [8j (2,5)thiophenophan
X--= S) .showed" inhibition to inversion of the polymethylene
bridging group at room temperature v/hich they assumed was due to
the presence of the bulky sulphur atom. This was readily seen in
the N.M.R. spectrum of this compound for the restricted bridging
system gave rise to non-equivalence of the methylene group protons
adjacent to the thiophene ring.
An earlier report of some very short 2,5~bridged pyrroles
5
appears to have passed unnoticed in Smith1s survey . These highly
strained species were apparently formed during the pyrolysis of
, 20
N-substituted cycloalkanopyrroles of the type (15) * The compound
(16) and (17) represent the shortest 2,5-bridged heterophanes yet 
prepared and must have highly strained pyrrole rings*
Pd/charcoal
(ch2
(15) n-0’1 (16) (17)
Nozaki and co-workers have recently reported the synthesis 
K! (3»5.)pyrazolophane (18) and 11 -methyl [9] (2sA)furanophane (19) 
by a synthetic route starting from 2~cyclododecenone* As in the
1819
previous [8] heterophanes, ’ bathochromic shifts were observed
CH.
(18)
in the U.V* spectrum of the furanophane (19) &nd was ascribed to
the distortion of the furan ring from the planar state* In all
the heterophanes that Nozaki et al. have prepared, each has shown
some degree of shielding influence on the bridging methylene group
due to the ring current in the heteroaromatic ring.
Concurrently with this work, Fusco and collaborators have
22
reported the synthesis of some heterophanes • Two [9J (2,A)hetero~
phanes (20) and two [9] (3$5)iieterophanes (21) were prepared from 
2-cyclododecenone. Fusco also observed shielding effects in the
X =
(20)
0, S, X
(21) X NH,. Y = .N,
N.M*E* spectra of these compounds but was not sure-whether to 
ascribe this to the diamagnetic effect of the ring current in the 
heteroaromatic cycle or to the magnetic anisotropy of the hetero­
atoms. In continuation of their work on heterophanes, Fusco and
23 ■ ■
co-workers have recently published \ the synthesis of [9] (2,A-)-
pyridinophane (22) and [9] metacyclophane (23) again using 2-cyclo*
dodecenone as the starting material. They observed that these
■ X N
(23)
compounds exhibited lower shielding effects on the central methylene 
protons of the bridge when compared with the five-membered hetero­
aromatic rings bridged, across the 1,3-position, by the same chain 
length. This they ascribed to the different geometry of the six- 
membered aromatic rings which was altering the conformation of the 
bridging system and moving it away from.the shielding influence 
of the ring current.
Parham and co-workers have utilised the ring expansion of gem-
24 25
dichlorocyclopropanes of large ring enol ethers and acetates
• 25"
as a new method for the synthesis of .1., 3~bridged aromatic compounds, 
By this procedure they prepared [10] (3,5)pyrazolophane (24) from 
cyclododecanone as shown in the reaction scheme that follows.®
, OCOCH;
:ch^g=ch2'
■ . '   5**
TsOH
OCOCH-
C1 Cl
.OCOCH
C6H6HgCCl3
3
49%
(24)
NH2NH2
(25)
Evidence for.the duality of the ring opening reaction with hydrazine,
as shown by the formation of two products (24) and (25), was
26
presented m  another paper® This report also described the 
preparation of [6] (3,5)pyrazolophane (26) as a mixture with (27)®
OCOCH
X NH0NH
r"V
N
y H 4cT/o
(26) (27)
Parham et al., has extended the dichlorocarbene reaction to
27the synthesis of a new metacyclophane system in 1,3~bridged 
naphthalenes (28)
(CHo)
(CII2) Cl
ClCC12
-HC'l
(ch2)
Cl
n = 8,10 only.
n = ^ ,8,10. n = -^,8,10.
(28)
The movement of the bridging group from one side of the aromatic 
ring to the other was restricted by the chlorine atom. This had 
the effect of holding some of the central methylene groups in the 
shielding region- of the aromatic ring,-which was confirmed by. the 
high field shielding effect observed in the N.M.R. spectra of these 
compounds. Compound (28, n = 8) showed the greater shielding effect 
compared with (28, n-= 10) because of the shorter length of the., 
bridging group.
• 28
In a subsequent paper Parham and co-workers managed to prepare 
the six-membered meta-bridged naphthalene (29, R = H) and the 
corresponding bromo-corapound (29, R = Br). The hydrocarbon (29,
R = H) was obtained from the Grignard complex of the bromo-compound 
(29, R = Br).
(29)
The N.M.R, spectrum of the.six-membered meta-bridged naphthalene
(29, R = H) was very complex. A high field shielding to t 10.A0
was observed' and there was indication of restricted rotation of the
bridging group about the aromatic ring. On raising the temperature 
o
to 92 there were marked changes in the pattern of the methylene 
absorption resulting from the rapid equilibration of the methylene 
bridge from one side of the ring.to the other. . The very high 
shielding values for the bromo-compound (29, R = Br) t 11.37, and 
the chloro-compound (29, R = Cl) T 11.12, showed how closely the 
central methylene protons of the six-membered bridge were held to 
the face.- of the ring. In addition, the U.V. spectra of the bridged 
compounds (29, R = H and Br) showed even greater bathochromic shift 
and complete loss of fine structure when compared with, the larger 
bridged compounds. A second paper discussed the chemical properties
_ _ 29
of 12,13“benzo-16-bromo [1OJ raetacyclophane (30*
. (30)
Application* of this route to the indole series afforded the
30
corresponding 2,A-bridged quinolines of the type.(31)* The 
chlorine atom in (31) also restricts the mobility of the bridging 
system in these 'compounds, so that shielding of the central methylene 
hydrogens to T10 was observed for (31, n = 4 and 6). Somewhat 
surprisingly compound (31, n “ 2) shov/ed less shielding of the 
central bridging methylenes than the preceding two compounds*
Cl
Reduction(CH2)
(31) n = 2,4- and 6. (32) n = k and 6 only*
This was rather strange and inconsistent with the very high shielding 
values obtained for the other six-membered bridged compounds with, 
halogen atoms in the aromatic ring (29? R = Br and Cl), From an 
examination of the spectral evidence, they claimed that compound 
(3*1» n = 2) had a perturbed and distorted aromatic system due to the 
strain of accommodating such a short bridge. Removal of the chlorine 
atom in (31* n - k and 6) to give the 2,4-bridged quinoline (32, 
n ~ k arid 6) was accomplished by catalytic reduction in the presence 
of hydrazine. This had the effect of producing a greater equivalence 
of the hydrogen atoms in the bridge and, as a consequence, a reduction 
in the observed shielding effect. Compound (31j n = 2) could not be 
reduced to the bridged quinoline.
31In a subsequent paper Parham and co-workers determined that 
the six-membered 2,4—bridged system v/as the smallest sized bridging 
group that could be obtained by the carbene method. Further studies 
were also carried' out on the chemical and physical properties of 
these heterometacyclophanes.
The stereospecific addition of dichlorocarbene trans to the
ethoxy group in (33) gave exclusively the syn-metacyclophane (3*0
and none of the anti-enantiomer (33)» thus affording a stereoselective
32
synthesis of a 2,^-bridged quinoline .
■ • OEt
(3*0 (33)
Hindered rotation of the bridging group in [n] paracyclophanei
with substituents on the aromatic ring were observed by Nakazaki 
33and co-workers .
-(CH0X
(37) (38)
HA
The AB pattern of the methylene groups of the bromides (36,
o
n = 10, 11 and X = Br) showed no change on heating up to 160 , 
which indicated a considerable barrier to rotation. For the larger
(
bridged system (36, n = 12, X = Br) a lower temperature of about 65 
v/as sufficient to bring about interconversion of the enantiomers • 
(36)<—>(37)<— ->(38) and coalescence of the AB pattern.
A group of . Japanese workers, have prepared four paracyc3_o-
phadiynes (39)* by'the intramolecular cyclisation of the corresponding
bis-ethynyl compounds by oxidative coupling under high dilution 
34
conditions . They observed that the shorter bridged systems had
(39)
strained benzene rings from the shifts to longer wavelength of the 
absorption maxima in the U*V. spectra of these compounds. The 
movement of the aromatic proton signal towards lower field, the 
shorter the methylene bridge, .was attributed to the longr-range. 
shielding effect of the conjugated diacetylenic bond, as deformation 
of the benzene ring should shift the aromatic protons upfield.
33,36 r -
Nozaki and co-workers have synthesised |_7j (2,6)pyridino-
phane (40) by treatment of cyclododecane-1,3-dione with hydroxylamine 
hydrochloride* The pyrylophanium perchlorate salt (41) v/as also 
synthesised and this could be converted to the pyridinophane by 
treatment with ammonium acetate in acetic acid.
Ac OH
(4o) (41)
The temperature at which the bridging methylene group stops
undergoing inversion -from one side of the aromatic ring to the
other occurred at -75*5 The N.M.R* spectra of the pyridinophane
(^ 0) and the pyrylophane (41) showed shielding effects on the
central methylene group protons of the bridging chain* This, was
also the first.example of a diamagnetic shielding effect due to e.
pyrylium ring* In the U.V. spectrum a bathochromic shift v/as
observed for the 7~hridged system compared with the positions of.
the absorption maxima in the less strained [lo] (2,6)pyridinophane.
37The most recent paper of Nozaki et al., describes the synthesi 
of [7] metacyclophane (*f2, R - H) and its 13-bromo derivative (^ -2,
R = Br)* The latter compound exhibited a very highly shielded 
proton at t 11*86* This v/as attributed to the presence of the
/ \
(i|2)
bromine atom, which v/as causing the bridging chain to adopt a
conformation whereby a central methylene proton was forced into
the face of the benzene ring. A similar effect v/as noted by Parham 
28
et al*, on the bridging methylene group in the bromo-compound 
(29i R = Br) where a shielding value to t 11*37 was observed*
38
.The [9] (2,4)pyrrolophane system v/as found to-be a component 
of the naturally occurring pigment, metacycloprodigiosin (^3)? 
isolated from Streptomyces longisporus ruber* This v/as the first 
example of a meta-bridged pyrrole to be found in a natural product*
(43)
OMe
:CH
; ■ ■ ■ . • 39
Georgi and Retey have repeated the synthesis of 13-niethyI
,6)pyridinophane (44) from its pyrylium salt according to 
the method of Balaban et al* They showed that the product 
obtained by Balaban was, in fact, the dimeric species (43)• They 
then went on to isolate the correct monomer (44) in a 1% yield.
SN
(ch2)io (ch2)10
(44) (43)
41
Recently, a group of Japanese workers have reported the 
synthesis of the novel [n][m] paracyclophane system (46).
.(CH
(46) n = 8, 10, 
m. = 8.
The TJ.V. spectrum of (A-6, n = m = 8) indicated a highly deformed 
benzene ring, which was distorted into a twist-boat shape*, The 
N,M.R« spectra of (*f6, n = 8 or 10) showed shielding of the central 
methylene protons of the bridging groups to about t 10o2.
SECTION 2
Introduction
i.,....—  ..  ...............
Nticlear magnetic resonance spectroscopy is the study of the 
absorption by•atomic nuclei of certain elements of radiofrequency 
radiation when placed in a strongmagnetic field* In this thesis,
N.MeR. refers to proton magnetic resonance only*, Discussions on the
•; ' A-2 A3general theory of N.M.R.can be found in several standard v/orks' .s
In this Section reference will be made to the effect of strong
magnetic’ fields on.aromatic molecules and its relationship to ring :
current shielding and aromaticity within these molecules.
Nuclear Magnetic Resonance and Chemical Shift
If a molecule is-placed in a strong magnetic field and 
irradiated with the appropriate quantum of energy to effect transition 
of one magnetic nucleus from one spin state to another, then the 
observed resonance position will not be the same as for that nucleus 
completely stripped of its surrounding electrons. This is because 
all the atomic nuclei in molecules are magnetically screened by 
their surrounding extra-nuclear electrons, with the degree of 
shielding depending on the variation in electron density around the. 
nuclei. Therefore, nuclei in different molecular electronic 
environments experience different shielding fields. It is, perhaps, 
tempting to relate these changes in electron density to the nature 
of the chemical bonds joining the nuclei to adjacent atoms. Thus, 
for instance, a carbonyl group which is electron-withdrawing would, 
be expected to decrease the shielding of the proton bonded to it in 
an aldehyde. This, however, is much too great a simplification, 
since the actual effect of the applied field is to cause the 
electrons to precess about the lines of force of the field.. Where 
the electrons move in 7T-orbitals encompassing two or more atomic
centres, the resultant secondary magnetic field from the precessional 
motions is.larger (than when the electrons are confined, for example, 
to s or £ orbitals) and leads to long-range shielding or deshielding. 
The effects .are exactly as if the electrons were circulating in closed 
loops about the atomic centres. This electron flow will have a 
secondary magnetic field associated with it and, because of the direct­
ion of the induced electron current, this secondary field opposes that 
of the applied field. It is this motion of electrons and the shielding 
effect arising out of it that are responsible for the origins of atomic 
and molecular diamagnetism and for the chemical shifts in N.M.R. 
spectroscopy.
In the case of a single hydrogen atom, the observed position of 
resonance is slightly less than that of the applied field (Hq) because 
of the opposing secondary field arising from the induced electron 
currento The new resonance frequency i/is given by the expression:-
>  = Y H°(1 - ^
?. rc.
where Y is the magnetogyric ratio. H0 is the applied magnetic 
field. The factor H0(1-<r) indicates the slightly reduced field exper­
ienced by the proton, whered'is the shielding constant due to the 
electron.
In molecules, the shielding of a proton will be the sum of 
a number of separate contributions. The most important of these 
arises from the electron distribution around the proton as it is 
bonded in the molecule. In addition to this a proton can also 
experience certain long-range shielding effects due to the motions 
of electrons around atoms or groups in another part of the same 
molecule. It is just such effects as these which are the object 
of study in this thesis, in particular, the long-range shielding 
associated with the movement of electrons in aromatic rings.
There have been many attempts at calculating the effect of the 
induced ring current in aromatic rings on both protons in and out 
of the plane of the ring. It will be of interest, therefore, to 
review the various theories and then to see how N.M.R. spectroscopy 
could possibly be applied to an estimation of the aromatieity of the
pyridine ring in terms of that of benzene,
ZfZf
Pople, in 1956j made the first attempt at such a calculation*
He used Pauling1s classical free electron model (Fig 1) in'which
the 7U~electrons were regarded as able to flow in two ring-shaped
regions above and below the plane of the aromatic ring when under
the influence of an applied magnetic field perpendicular to the
plane of the ring. However, the actual motion of the six 71-electrons
1
is a precessional one the frequency of vrhich is given by Larmor s
kG
theorem. This 71-electron current was regarded to flow in. a ring w5.th
a radius equal to the benzene C-C bond distance, Pople replaced
the magnetic effect of this current by an equivalent point magnetic 
dipole situated at the centre of the ring, from which he was then 
able to calculate the secondary field (%) at the proton positions.
Hf (Fig 1)
The dipole has its axis parallel and opposed to the applied field 
so that the•secondary field (%) reinforces the applied field (H0) 
at the positions of the aromatic protons (Fig 1), Thus a smaller
applied field is required to bring these protons into resonance.
He was able, therefore, to account qualitatively for the low field 
chemical shift of the benzene ring protons as compared with those 
of his reference compound, ethylene.
This treatment is only approximate, as it is a point dipole 
approach. It is better to use the actual physical size and shape 
of the loops carrying the ring current,■as in the procedure of
Zf7
Waugh and Fessenden ; In their theory, they used the free electron
model of Pople but made, an attempt to incorporate the physical
dimensions of the n -electron system. The current, induced by the
applied field, was assumed to circulate in two loops (corresponding
to Ti—orbitals) situated above and below the plane of the ring.
o
They found that if the two loops were placed 0.9 A apart then good 
agreement was obtained between the calculated and the observed shift 
for the protons of benzene.' For the observed shift they compared 
the chemical shift position of a proton in benzene with that in a 
close olefinic analog in which no ring current was possible. Waugh 
and Fessenden also predicted that the protons held over the centre 
of the aromatic ring should experience a shielding influence. They 
examined the spectra of [lo] and [l2j paracyclophanes and found that 
the methylene protons in the middle of the bridging chain were 
Indeed more shielded than the methylene protons of a straight-chain 
aliphatic hydrocarbon. In addition, they obtained good agreement 
between their calculated shifts for the individual methylene groups 
in the bridging system and the observed spectra. .
However, there were minor errors in the calculations of
48Waugh and Fessenden which were corrected by Bovey and Johnson
They recalculated the separation of the current loops, the regions
o
of greatest electron density, and found a value of 1.28 A to fit
the corrected equation. They also calculated the shielding in
three dimensions around the benzene molecule. Such a shielding
diagram is shown in Fig 2. This represents one quadrant of a plane
passing normally through the centre of the ring. The lines
represented the shift in p.p.m. which will be experienced by
protons as a result of the induced magnetic field of the benzene
ring. Those shown as positive indicated a region of shielding
influence, while the negative lines indicated a paramagnetic,
deshielding region.
Bovey and Johnson showed that the diamagnetic shielding region
occupied a greater volume of the three dimensional space around
benzene than did the paramagnetic region. This explained the
observed upfield shielding effect when the solvent in which the
measurements of the chemical shifts of a compound were being made
was changed from a non-aromatic to an aromatic one.
if9
The recent treatment of Haigh and Mallion was based on the
50quantum-mechanical theory of McV/eeney , which they showed gave a
good account of the observed deshielding effects in planar condensed
• 51
benzenoid hydrocarbons. They have recently extended this theory
to cover protons situated out of the plane of the aromatic ring and
have produced a somewhat similar set of tables to the earlier Bovey-
Mallion tables is shown in Fig 3* The same cylindrical coordinates
be compared directly with Fig 3» In the Haigh-Mallion approach the 
benzene ring was taken as a regular hexagon, so the shielding varied
assumed cylindrical current loops and therefore the shieldings were 
ind„ependent of the coordinate angle <£> .
Johnson tables. A set of isoshielding lines derived from the Haigh
with the angle <^6, as defined in Fig 3* The Bovey-Johnson theory
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A comparison of the two shielding diagrams shows that for p)>1<>8
(2=0) the Bovey-Johnson theory always predicts greater .deshielding
effects than; the Haigh-Mallion approach for protons in the plane of
the ring. However, the largest differences appear in the diamagnetic
region where again, the semi-classical theory of Bovey and Johnson
predicts greater shielding values. When the two theories were
compared with the experimental values for protons close to and in
51the shielding region of a ring it was seen that both substantially
underestimated the actual values, with the Haigh-Mallion theory
presenting an even greater discrepancy than the Bovey-Johnson theory.
51Hargh and Mallion have discussed the possible causes for the poor • 
correlation, which they have attributed to errors arising from the 
London approximation in their calculations.
In Section k- a comparison of the Haigh-Mallion and Bovey- 
Johnson. predicted shielding values will be made with the observed 
values for [?](2,5)pyridinophane.
Estimation of Aromaticity -
All the theories which have so far been discussed have worked
from the basis of benzene being fully aromatic. The downfield shift'
in the position of the aromatic protons compared to a non-aromatic
model related to benzene, as itfell as the upfield shielding effects
experienced by protons above the ring have been satisfactorily
explained in terms of the ring current.. The concept of aromaticity
and ring current are related, since an aromatic compound is one
which will sustain an induced ring current. This was the definition
53of Elvidge and Jackman . The magnitude of the induced ring current 
is a function of the delocalisation of the tc-electrons around the 
ring and thus a measure of aromaticity. It should be possible to
calculate what the magnitude of the ring current, and hence
aromaticity, is in compounds other than benzene from its effect
on the chemical shifts of protons bonded to these compounds. This
• 5 3
was the approach of Elvidge and Jackman in their estimation of 
the aromaticity of the 2-pyridone ring system as compared with that 
of benzene.
In their method two approaches were employed. The first 
involved comparing the chemical shifts of methyl groups in 
substituted 2-pyridones and toluene with those in non-aromatic 
models related to these compounds in which no ring current was 
possible. The non-aromatic models related to 2-pyridone which were 
used were of the type (^ ?) and (^8). That for toluene was taken 
as the 1 in chain1 methyl group in a carotenoid.
0 I!
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This gave values for the deshielding contribution of the ring 
currents in both 2-pyridone and toluene which when compared showed 
that 2-pyridone sustained only 36% of the induced ring current of 
benzene.
The second procedure required starting with alkylated j>yridine 
as being related to model (^-7) and their quaternary salts as being 
related to model (*f8). Pyridine was-assumed to be as aromatic as 
benzene, therefore, O.^f- p.p.m. was added (the contribution from
the ring current in benzene) to the positions of the methyl groups
in these two systems- .tq-give the estimated values for the
corresponding.non-aromatic pyridine and pyridinium models. These
calculated line positions were then compared with the observed
C-methyl shifts in the corresponding 2-pyridones and, following
further computations, a fractional aromaticity of 0.31 was found.
The main problem with this type of approach is the difficulty
of obtaining non-aromatic models exactly analogous to the aromatic
system for which the aromaticity is required. However, the use of
methyl group chemical shifts instead of proton shifts appeared to be
justified, as better agreement wa.s obtained with the former than
with the latter. This was further exemplified in the estimation of
5kthe aromaticities of furan, pyrrole and thiophene. Elvidge and
55Abraham and co-workers both used the same basic equation to 
calculate the fractional aromaticities of these heteroaromatic 
systems. The values obtained are shown in Table 1.
Table 1
Compound
Fractional Aromaticity /n t?\fit • hi
Abraham Elvidge Experimental\ 56J
Thiophene 0.90 : 0.75 0.81
Pyrrole - 0.59 0.60
Furan 0.9^ 0.^6 0A5
The calculated values that Elvidge obtained fit very closely 
to the experimental results and reflect markedly his choice of 
methyl chemical shifts. Abraham, on the other hand, employed proton 
chemical shifts with the result that poor correlation was obtained.
In addition, Abraham’s choice of non-aromatic models for the hetero­
aromatic systems was . also not very satisfactory. Methyl group shifts 
certainly make the best choice for comparisons of this kind as they 
are not so sensitive.as ring protons to small changes in the local
electronic environment.
The diamagnetic shielding region of an aromatic ring provides 
an alternative method for determining the aromaticity of a compound.
To compare the aromaticity of pyridine' with that of benzene by this 
method requires a proton, acting as a ’probe'v to be situated in 
the shielding region in the same relative position above both rings. 
Such a requirement is provided by the para methylene-bridged aromatic 
compounds. In the [n] paracyclophanes, the bridging chain spans the 
ring in such a way that the protons of the central methylene groups 
are held in the diamagnetic shielding region. If the benzene ring in 
an [n] paracyclophane is replaced by a pyridine ring, or any other 
aromatic ring, the central methylene protons will still be shielded 
but the degree of shielding will depend only on the induced ring 
current and hence, aromaticity of the pyridine ring. In. addition, 
the methylene group protons used as the probe must be separated by 
a sufficient number of methylene groups from' the aromatic ring so 
as to be free of inductive and mesomeric effects associated with the 
latter. These may interfer so as to produce additional shielding 
or deshielding influences over and above the ring current effect.
Any localised shielding effects of adjacent methylene groups on the 
central methylene protons' will also be eliminated in this 
comparitive approach.
The [9]-bridged pyridine and benzene systems were considered 
to be the most suitable for this investigation as they fulfilled all 
the requirements described above, and being only short bridged 
systems would be expected to exhibit a reasonable degree of shielding 
influence. A comparison of the two compounds is discussed in Section
SECTION
Introduction
There are three possible approaches to the synthesis of
para-bridged pyridine ring systems and these are summarised 
diagrammatically in Fig
Fig k
‘Method A involves the synthesis of a 2,5-disubstitiitecl pyridine 
ring, substituted with side chains which terminate with functional 
groups that will undergo an intramolecular cyclisation reaction.
Method B involves the formation of a pyridine ring, with the
correct substitution pattern, onto a preformed raacrocyclic ring.
Method C requires the synthesis of a long-chain a.cyclic system
with reactive : terminal groups v;hich will cyclise in the presence of
a nitrogen source to afford the correctly substituted pyridine.
3This was the procedure of Gerlach and Huber .
In this thesis the synthesis of para-bridged pyridines has been 
attempted by both methods A and B. Both approaches will be 
discussed in detail later.
■ Howev-eiv.it is relevant at this stage to survey the methods 
which.have been used..;for the preparation of bridged aromatic 
compounds, and to. consider their possibl.e application to the 
synthesis of bridged pyridines*
Methods for the Synthesis of Bridged Compounds
(a) The Wurtz.reaction
The coupling of two halides in the presence of sodium to 
yield a hydrocarbon has been successfully applied to the preparation 
of strained cyclophane systems« Boekelheid.e and co-workers obtained 
metacyclophane'^ in 77%> yield from (^9)®
/ \
,GH2Br
/ \
CH^Br
Na / A / A
( w  .
This method has also been extended to the preparation of (2*6)
pyridinophane by the cyclisation of (50) with n-butyllithium57
XX n-BuLi
BrCHXNX~ (CH2 X i K CH2Br
(50)
The reaction is of limited value for the preparation of the larger 
methylene bridged pyridines because the Tong-chain (non-benzylic)
halides have very low reactivity towards sodium. In addition, 
pyridine is itself labile towards sodium; while 2~substituted 
pyridines react readily at the a-methylene group vrith n-butyl 
lithium.
58(b) Ziegler cyclisation method
This has been applied to the preparation of bridged aromatic
1
system. Ziegler and Luttringhaus extended the original work on 
alicyclic ketones to the aromatic system and prepared both meta- 
and para-bridged cyclophane ethers, for example (51)• However,
0-(CHa)6CN
o-(ch2)6ck
52-5^
High Dilution 
 ---:----- — v-
LiN(Et)Ph
0-(CHo)
2'6V _
o-(ch2)5/
F = N H
CN
(51)
when'this method v;as applied by Ziegler to the preparation of the 
shorter bridged benzenoid compounds no products could be obtained. 
This is consistent with the observation that the Ziegler cyclisation 
reaction gives only very low to minimal yields when applied to to 
C.^ ocw-dinitriles, and reflects the failure of the method to 
overcome the increased resistance to cyclisation in the shorter 
bridged systems. As a method for synthesising pyridinophanes it 
may possibly be useful for the larger bridged pyridine compounds.
(c) Friedel-Crafts cyclisation method . ■ * .
Huisgen and co-workers were the first to utilise the 
Friedel-Craftsacylation reaction as a means of obtaining para-
bridged compounds. In a series of papers they prepared both para
59,60
. £1
(52) and metacyclophanes by the intramolecular acylation reaction 
under conditions of high dilution* Modest yields'were obtained for 
the para-bridged systems containing 10 to 1*f carbon atoms, but 
negligible or no products if there were less than 10 carbons in 
the chain. ,
(GHpYCOCl
AlBr:
or AlCl3
: , (32)
The Friedel-Craft cyclisation method is not suitable for
the preparation of pyridinophanes as pyridine itself is resistant
to acylation.
(d) Pyrolysis of Acids and their Salts
62Ruzicka*s method 'has been applied to the preparation 
of bridged benzene compounds, the raetacyclophane (33) having been
’. 53
synthesised in 2% yield by this procedure.
y(CH2)6C02H
(CH2)6C02H
-(ch2)6.
A
-> /  \
(53)
(ch2)-^
The very low yields preclude this method as a means of preparing 
bridged pyridines.
(e) The Hofmann elimination reaction method
6k
This has been developed as a useful technique for the 
synthesis of the short bridged aromatic systems such as [2.2] para 
cyclophane (5k). . -
aH3\ /-ch2h(ch3)3
A
20%
/ \  / V -
OH
(5k)
65It has been applied recently to the synthesis of the 
corresponding (2.2] (2t5)pyridinophane system (55) isolated as 
a mixture containing the four possible isomerss-
GH,
low yield
OH
(55)
This reaction cannot be used for the preparation of the 
larger bridged pyridines.
(f) Acetylenic coupling method
The coupling' of two acetylenic groups has been extensively
66investigated by Sondheimer and co-workers in their studies of
poly-unsaturated raacrocyclic compounds * It has been applied to
67the preparation of the bridged aroraatics by Hubert and Dale , who. 
have reported the synthesis of a [8] metacyclophane with two 
acetylenic groups in the bridge. However, they could only obtain 
a dimer and higher polymers of the corresponding para disubstituted 
diyne (56). •
CH^CH^CEEECH
ch2ch2c~ gh
(36)
The application of this method to give bridged pyridines
68has been investigated in some detail by a previous research worker "•
The required intra-molecular cyclisation could not be achieved,
instead, only dimers were isolated under the usual conditions of
the coupling reaction.
A successful synthesis of paracyclophadiynes has been described
in Section 1 of this thesis.
(g) The Dieckmann cyclisation method
This has been little used for the preparation of bridged
69aromatics. Schimelpfenig and co-workers have reported the synthesis 
of several paracyclophanes containing 13 and 13 membered bridges by 
this route. When applied to the pyridine series it suffers from the 
same disadvantage as the acyloin reaction in that the base used is
reactive towards pyridine. However, this problem can be .circumvented
by hydrogenation of the pyridine ring as in the procedure of Leonard 
70
and co-workers «, The resulting piperidine diester (57) was then 
cyclised by the Dieckmann method*
CH.
t-BuOK
Xylene
etc.
c°2c2h5
(57)
CH.
0
It has been found possible to prepare bridged aromatic 
compounds where the aromatic ring has been formed after or con­
currently with the formation of the bridging methylene group. This 
is in contrast to the methods which have been described above, where 
the aromatic ring has been situated somewhere in the molecule prior 
to the cyclisation step.
(h) The Base-catalysed condensation method
71Prelog and co-workers have prepared a series of substituted 
metacyclophanes by base-catalysed condensation reactions. An example 
of which is shown a's follows
CIL-C-C-CIL.
5 | I 2 
° °H2 q
CChR
(ch2)1^
OH
(i) base
(ii) H‘
CH.
12
The aromatic ring was/formed during the cyclisation step.
(i) Diels-Alder reaction
A The Diels-Alder reaction has been applied by Weisner
' 72
and co-workers .to the .preparation of paracyclophanes. They 
achieved the synthesis of adducts of the and C^g macrocyclic 
dienes with maleic anhydrideHowever, the yields of the adducts 
were low and usually required drastic reaction conditions to obtain 
the condensation products.
0
r \ dehydrog0
0
10 and 1A.n
They could not prepare the 8 and 9 bridged benzene rings by this 
method.
A variation of the Diels-Alder reaction is suggested as a 
possible method for the preparation of bridged heteroaromatic rings; 
instead of maleic anhydride a suitable nitrogen containing adduct 
can be employed. This is expanded upon in Section 5®
(j) The Schmidt reaction
The Schmidt reaction has been ingeniously used by Buchi 
and co-workers for the elaboration of the pyridine ring in musco-
• n-z
pyridine, 2-methyl [10J (2,6)pyridinophane . In the synthesis of 
this compound a pair of isomeric olefins were treated with hydrazoic 
acid to yield a mixture of tetrahydropyridines which were then de­
hydrogenated to give the pyridinophanes as shown:-
This reaction has definite possibilities as a means of 
preparing a H^-bridged pyridine. For this a bicyclic o3-efin of 
the type (58) is required®
CH.
The Synthesis of Bridged Pyridines by Method A
(k) The Acyloin cyclisation method
The acyloin-cyclisation procedure involves the coupling
of the two ester groups in a long-chain dicarboxylic acid diester
in the presence of sodium in refluxing xylene or toluene. This
nl± 75 vg
reaction was first developed by several groups of workers ’ ?
for the preparation of carbocyclic rings of to members. It
has been successfully extended to the synthesis of bridged benzenes
77 78 79by Weisner and co-workers ’ , and by many other workers since then. ’
•The acyloin reaction was chosen as the cyclisation step 
outlined for Method A? because of the many different cyclisation 
methods which are available the acyloin procedure has been found to 
be generally the most useful and widely applicable to a variety of 
compounds and bridged systems. Having chosen the method of 
cyclisation it became necessary to develop a suitable apparatus 
in which the reaction could be carried out. This will now be 
described in detail starting with a discussion of the general 
acyloin cyclisation conditions.
The acyloin cyclisation procedure is the only method which 
will give the to ring compounds in good yields as shown in 
Table 2.
' Table 2
Comparison of Methods for Preparing Cyclic Ketones
Ring Size 
(n + 1)
Preferred Method 
;■ (Yield, %)
Dieckraann 
(Yield, %)
Thorpe-Ziegler 
•(Yield, %)
7 Thorpe-Ziegler (70) Xh7 )
8 Thorpe-Ziegler (76) (15)
9 on cyclooctanone (61) (0) (2,8)
10 Acyloin (50) (0) ( 0 C )
'11 Acyloin (53) (0*5) (leA)
12 . . Acyloin (68) (0,5) ; (8)
■ 13 ' Acyloin (59) (2*0 (15)
1A Acyloin (75) (32) (62)
15 Thorpe-Ziegler (60) ( W
(The % shown in the table for the acyloin reaction are those for 
the cyclic ketone obtained from the hydroxyketone by reduction with 
zinc and hydrochloric acid. The % shown for the Dieckraann and 
Thorpe-Ziegler methods are those following a hydrolysis and decarboxy 
lation step to give the cyclic ketone).
To obtain a cyclic product containing ten or more carbon 
atoms by the acyloin reaction, very carefully defined reaction 
conditions must be employed. When the usual acyloin conditions are 
utilised for the preparation of the larger ring ketones only very 
low yields are obtained, in contrast, the same conditions give very 
good yields for the five and six-membered ring systems. This is 
because the cyclisation to the larger rings becomes a less favoured 
process simply because the mobility and number of conformations the 
large chain diesters can take up is considerably greater than that 
possible for the smaller chain diesters. This means that the ester
groups at the ends of the larger chains are, on average, much 
less close enough together for cyclisation to take place. Thus 
factors which can lead to the chain ends coming together long 
enough for a reaction to take place must lead to a cyclic product.
In particular, conditions of reaction must be' chosen such that the 
intramolecular cyclisation leading to the desired product is 
favoured over the competing, and in most cases the more favoured 
energetically, intermolecular reaction. From the large amount of 
experimental work that has been done on this reaction a standard 
set of conditions can be obtained which ifhen applied to the acyloin 
reaction gives good yields of cyclic product. These conditions arej 
(i) a very high sodium surface area, at which the reaction takes 
place; (ii) slow addition of the diester; (iii) moderate to high 
dilution conditions, and finally (iv) the use of pure, dry. nitrogen 
and dry solvents.
These conditions will now be discussed in detail, and how 
the problems associated with each have been overcome in the develop­
ment of a simplified acyloin cyclisation procedure described in this 
thesis.
(i) A very high sodium surface area' was usually attained by
employing a high-speed stirrer operating in the region of 6,000 to
8010,000 r.p.m. Such a system required special apparatus and, when in 
operation, elaborate safety precautions. It has been found possible 
to prepare a fine sodium dispersion by using a Vibro-mixer or stirrer. 
The apparatus incorporating this Vibro-mixer is shown in.Fig 5? and
Socompared with that described by Morton and Redman is a very much 
simpler unit. The Vibro-stirrer was fitted to a large split-neck 
reaction vessel by means of a stainless-steel rod which passed through
Acyloin Cyclisation Apparatus
CaClp guard 
tube
Vibro
mixer
Capillary
Viton
membrane
O o O O
Fig 5
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a flexible, solvent-resistant seal made of Viton. To the bottom 
of the rod was fitted a stainless-steel disc through which a series 
of specially shaped holes had been formed* The:whole apparatus was 
securely clamped to a rigid stand. When in operation, the vibrations 
imparted by the disc cause the molten sodium metal to break down into 
a very fine dispersion.
(ii) Slow addition of the diester must favour the intramolecular 
reaction over the competing intermolecular reaction because the 
amount of diester reacting at any one time on the surface of the 
sodium must necessarily be very low and, consequently, eacluindividual 
diester molecule will be well separated from its neighbour. In the 
preparation of the cyclic compounds using the apparatus shown in
Fig 5* the slow addition technique was always employed.• . Further 
dilution of diester was achieved by adding it down the condenser so 
that it mixed with the refluxing solvent.
(iii) Moderate to high dilution conditions will also favour the
intramolecular reaction. The greater the dilution employed the
better will be the yield of cyclic product. However, it is not 'always
necessary to employ high dilution conditions, which are inconvenient
75experimentally, for Prelog has shown that good to excellent yields 
of the cyclic acyloins can be obtained employing only moderate 
dilution. Prelog visualised the combination of the ester groups to 
take place as shown in Fig 6.
Fig 6
c
Na
The two electrophilic ester carbon atoms at the ends of the 
chain are first adsorbed by the electron-covered surface of the molten 
sodium* Flexibility of the carbon chain allows the ends to slide 
over the sodium surface and approach each other*■ Ring closure can 
then take place under favourable reaction conditions to give the 
intramolecular cyclised product* This is then free to move away 
from the surface or be further reduced by sodium to the ene-diol 
dianion. The mechanism for the acyloin reaction is shown- as follows*
S l O WMeO-C M* „ C~OMe --- *~l Na Na i
R R
■B-<p=C-R
2 Na © £
ene-diol dianion
Y
H
R-C-C-R
I I
HO OH
ene-diol
?@ ?@ 
MeO-C* *C-0Me
I I
R R
2Na®
@? ?@ 
R-G-C-R
2 Na©
fast
2 Na*
R-CH-C-R 
I I
HO 0 
hydroxyketone
of
MeO-C— C-OMe
I I
R R
2Na
0 0  •!l If
R-G-C-R
+2Na +20Me©
(iv) The use of pure, dry nitrogen is essential to prevent aerial 
oxidation of the intermediates during the course of the reaction and 
of the final hydroxyketone during work-up.
Having obtained a sufficiently fine sodium dispersion with 
the Vibro-stirrer unit, a suitable model diester was required to 
see if a cyclic product could be prepared with this apparatus.
Dimethyl sebacate (59)*''prepared by the esterification of sebacic acid, 
v/as selected for its ready availability and because the acyloin
cyclisation of this diester to sebacoin was an Organic Syntheses 
81
preparation * The diester in xylene was added down the condenser
from a dropping funnel v/ith a capillary extension, this enabled a
further control of the rate of addition to be obtained, to the
Vibro-stirred molten sodium in refluxing xylene® The crude acyloin
reaction mixture containing mainly 2-hydroxycyclodecanone (sebacoin)
(60) plus a small amount of cyclodecane-1,2-dione (sebacil)(61) was
isolated on work-up® Sebacoin itfas identified by comparison of its
81
melting point with the literature and from its microanalysis.figures® 
The yield for the first sebacoin preparation was 32%® Further
?°2CH3 Na
COpCRy Xylene
(39) (60) (61)
experimentation has improved the initial yield, and now the crude 
sebacoin-sebacil reaction mixture can be obtained in 60% yield 
using the Vibro-stirrer apparatus® This compares very favourably 
with the cited literature yield of 67-7Wo for the crude mixture 
where a. high-speed stirrer , v/as used*
This very encouraging result with the Vibro-stirrer assembly 
now enabled the acyloin cyclisation reaction to be carried out 
safely and conveniently in the laboratory* It has been extended to 
the preparation of ■ [9] paracyclophane and also to the synthesis of a 
macrocyclic ketone* Both of these will be discussed in detail 
later*
The next problem was the synthesis of a 2,3-disubstituted 
pyridine of the type. (.62) v/hich could be cyclised by the acyloin
A short bridge length was desirable, where m<^5 and this last
feature ensures that the central methylene groups suffer maximum
shielding from the induced ring current. However, one further
problem remains. As pyridine is itself reactive towards sodium
under the conditions of the acyloin reaction it cannot be used
directly in the cyclisation procedure. However, this difficulty
was overcome by converting the pyridine to a piperidine ring v/hich
is not affected by sodium. Indeed, a series of cyclic aminoacyloins
have been prepared by the acyloin procedure without any indication
of unfavourable reactivity of the tertiary nitrogen atom towards 
82sodium. The compound to be prepared for the acyloin cyclisation 
will now be the piperidine diester (63)* The synthesis of a diestei' 
of the type (63) will next be discussed in detail.
• procedure for.the preparation of the (2,3)pyridinophanes by 
Method A.
(CH0) C0oCH-, 2 n 2 3
(62)
2,3~Disubstituted Pyridines
Two synthetic routes were investigated which it was hoped 
would lead to the desired piperidine diester (63)
Route 1
The work on the acetylenic coupling method by;a previous 
68research worker has given a route to a 2,3-disubstituted pyridine 
compound, 2,'5-dihex-3* -enylpyridine (71) «• This was converted by 
further steps into the compound (63, n = m = *f, R = C^E^-). The 
complete synthetic route is shown on the next page* The alkyl halide,
l-bromopent-^-ene, required at step 3 for the Grignard reaction leads 
to a ten-membered bridging group in the final cj-clisation stage.
It seemed advisable first to attempt the acyloin cyclisation on a 
piperidine diester with side-chains of sufficient length to afford 
an unstrained cyclic product.
The 2-methyl group in:3“hex~3l-enyl-2-methylpyridine (70) 
was converted with potassamide in liquid ammonia to the anion 
which was then treated with 1-bromopent-^f-ene to give the 
alkylated product (7*1) in 4-8$ yield* Some unreacted pyridine (70) 
was recovered on work-up.
The next step was the oxidationi-of the terminal olefinic 
groups in (71) with potassium permanganate in dry acetone. These 
reaction.conditions were chosen from a literature procedure for the 
oxidation of just such a terminal olefinic group in 12-(2-pyridyl)~
83
dodecene . ' To gain experience with this reaction before attempting 
it on the precious diolefin (71)* 12-(A—pyridyl)dodecene .was 
available and the oxidation was carried out on this. The expected
Dry acetone
N
(75)
The Synthesis of 
2, 3-Di-(if*-methoxycar'bonyrbutyl) -N-ethylpiperidine
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(63, n = m = *f, R = Et)
carboxylic acid (75) was obtained in about 50% yield. However, 
when the oxidation reaction was applied to the diolefin (71) no 
dicarboxylic; acid product (72) could be isolated by the usual 
work-up procedure, presumably due to the amphoteric nature of (72)« 
The product, as its crude hydrochloric acid saltf was converted 
directly to the dimethyl diester (73) by refluxing with methanol 
and concentrated sulphuric acid. The compound was isolated as a 
viscous, yellowish liquid and had the expected spectroscopic 
properties of a 2,5-disubstituted pyridine diester (73)« The next 
step involved'the quaternisation of the pyridine ring, and for this, 
ethyl bromide was chosen (in preference to methyl bromide for ea.se 
of handling and it was considered that the presence of an ethyl 
group on the nitrogen should not interfer sterically with the coiirse 
of the cyclisation reaction)*. The quaternary salt obtained (7^ ) was 
converted to the piperidine diester (63, m = n = *f, R = by
hydrogenation-over Adam*s catalyst at atmospheric pressure, 
Quaternisation of the pyridine ring has the additional advantage in 
that it enables the hydrogenation of the ring to be ;carried out under 
atmospheric pressure conditions* The piperidine diester had the 
required spectroscopic properties associated with this system, with 
no aromatic bands in the I.R. spectrum and the absence of the usual 
2,5-disubstitution pattern in the aromatic region of the NeM«,R* 
spectrum* The mass spectrum showed a molecular ion at 3^1? the 
molecular weight of the required compound.
The next step was the cyclisation of the piperidine diester 
by the acyloin procedure in the Vibro-stirrer apparatus* Although 
this reaction was carried out a number of times, in each case only 
unreacted starting material and some polymeric gum was isolated.
In the first cyclisation experiment■ v/hen the diester was added over 
k hours to the sodium dispersion in refluxing xylene 55% starting 
material/was recovered while-the remainder appeared as a gummy,
■solid polymer (acyloin cyclisation reactions are usually accompanied 
by varying amounts of polymer)• A tarry residue remained in the 
flask after distillation of the recovered starting material* This 
residue was treated with 2, f^-BNP reagent to see if any acyloin 
product -had been formed, but without success* An identical second ' 
experiment yielded the same results even though the addition time 
for the diester was increased* In the third attempt, the addition 
of the diester was made over 4 days. It was thought that such o. 
slow rate would be appropriate if the cyclisation reaction was very 
slow; since perhaps the previous addition times were of too short a 
duration to enable any appreciable amounts of acyloin to be formed 
in preference to polymer* Surprisingly, even after this length of 
time, about the same amount of unreacted starting material was 
recovered. This was characterised in all three cases by comparison 
of the I.R. spectrum of the recovered product with that of the 
starting material. In a fourth attempt the solvent was changed to 
diethyl ether, but again only unchanged starting material v/as isolated.
The failure to cyclise a saturated diester of this type is not
without precedent in the field of acyloin chemistry. Attempts by
8^Cram and Goldstein to cyclise the diester (76., x = 2, y. = 5) "by 
the acyloin cyclisation reaction met with failure. In addition,
85earlier work by Cram and co-workers on the attempted synthesis 
of [8] paracyclophane, :by, the acyloin procedure, failed to obtain a
cyclic product with (76, x = 3, y = 3)* The cis form of (76, x ~ 3*
y = 3) was found to'give only a polymer, while the trans form
failed to undergo reaction with recovery of starting material,
The most obvious explanation for the failure of the piperidine 
diester to cyclise may be due to the presence of the piperidine ring 
in the dicarboxylic acid ester chain. By comparison the corresponding 
benzenoid diester (77) cyclises in very good yield under the conditions 
of the acyloin reaction, and this has been attributed to the rigidity^ 
imparted to the system by the benzene ring, its fixed configuration 
making it more favourable for the chain ends to come together.
C H , 0 2C ( C H 2 )ij— /  ' V - ( C H 2 )J)C 0 2CH, CH O g C K C H p ^ C C ^ C H j
(77) (78)
On the other hand, the straight chain dicarboxylic acid ester (78) 
containing the same number of carbon atoms as the benzenoid system 
(77)(the carbons of the aromatic ring being counted as four) gives 
a 58% yield of the cyclic- product in the acyloin reaction. This 
shows that the benzene ring is not an essential feature for acyloin. 
formation, but i.t certainly helps to give greater yields (70% for 
the acyloin product of (77))• The piperidine ring in (63* a - m ~ .4,
R = Et) and the cyclohexane ring in (76, x = 2, y = 5) are most
probably responsible for the failure of these diesters to cyclise; 
the extreme conformational changes caused by the inverting saturated
rings must prevent the ester chain ends coming together on the •
sodium surface long enough -to react to give a cyclic product.
The side-chain lengths in (77) and (63? n = m - h, R = Et) are 
the same? therefore? the contribution of the mobilities or 
conformational changes associated with the C-C bonds in these 
chains, to both systems 'will be comparable.
The conditions that were employed for the hydrogenation of 
the pyridine ring should give rise to mainly a mixture of the cis 
isomers (79)o If? that is? the addition of hydrogen to the ring
87proceeds analogously to that found for the ^-disubstituted.benzenes ; 
with these compounds hydrogenation gave? at 20° over Pt black? GOP/o 
of the cis isomers and 30% of the trans isomers* (The presence of 
the Et group on the ring nitrogen may alter the proportions of the 
piperidine ring isomers; though to what extent it affects the isomer 
ratio is not known). Molecular models indicated quite clearly that 
despite the presence of the Et group and the chair conformation of 
the ring both cis (79) and trans (80) isomers of the piperidine
R
CIS C I S
(79)
trans
R
trans
(80)
a - axial 
e - equatorial-
R =‘ (CH^CC^CH^
diester should yield an unstrained cyclic product. The only 
possible exception was the axial-axial trans isomer? in this 
compound the side-chain ester groups are not quite close enough to 
lead to an unstrained cyclic product. However, this isomer was the
least likely to have been formed under the hydrogenation conditions
employed because of the higher energy of the axial-axial substitution.
Thus, stereochemical factors involving unfavourable configurational
isomers such as may lead to a strained’ transition state cannot be
operating against the intramolecular cyclisation reaction.
The problem is further complicated by the fact that compound
(76, x = 1, y = 6) has been successfully cyclised, while a series
of [n,m]paracylophanes have been prepared by the acyloin cyclisation
88of the corresponding saturated systems (81) thus showing that the 
presence of a saturated ring in a dicarboxylic acid, ester chain 
does not necessarily militate against cyclisation.
(CH0) C0oR '
n^.5 
m<:5
m = x+y+2
(81)
No definite conclusions have been reached to explain the 
failure of the piperidine diester (63* n = m - R = Et)’ to 
cyclise.' Obviously, the presence of the piperidine ring cannot 
completely explain why the cyclisation reaction did not take place.
On the other hand, neither is the bridged piperidine system too 
strained to be formed. A short side-chain length for one or both 
of the cyclising ester groups does appear to favour the formation 
of an acyloin product as was observed in (78, x = 1, y = 6) 
and the [n,m] paracyclophane series. Though how, and in what way
it was achieving this:is not clear. Further experimental work 
was therefore necessary to determine what side-chain lengths would 
enable a cyclic product to be obtained. . For this reason, a piperidine 
diester of the type. (63, n = 1, m = 7, R = Et) was being prepared 
with one short side-chain ester group in the molecule to see if this 
compound would undergo the acyloin cyclisation reaction. But, 'owing 
to success with the synthesis of the pyridinophanes by another route, 
this preparation was- discontinued. .
CH302C(CH2)y
•CH-CCLCH*2 2 3
CE0GH1 2 3
Route 2•
The other synthetic route investigated in this thesis for the 
preparation of a piperidine diester of the type (63) was not 
successful. • The reaction scheme and the compounds prepared are 
shown on the next page. As can be seen most of the reactions involved 
fairly standard transformations and generally require: little comment. 
3-(2-Chloroethyl)-6-methylpyridine (91) .was prepared from the 
hydroxy compound (90) by essentially the same procedure as used by
89Maruoka and co-workers for the preparation of the a -chloro 
derivative of a 2-(1-hydroxyethyl)pyridine. The free base (91).was
surprisingly stable and could be distilled under high vacuum as a 
colourless liquid. .However, the compound did slowly quaternise. on 
standing as was evidenced by the appearance of a pink colouration
Route 2 Reaction Scheme
CELCOCH., + HCO^Et 3 3  2 CH^COCHCHO NH^OAc  ^ether „ +
CH C N 0
2s w
ch^ S h^
(84)
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Na j
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which was- the colour formed on quaternisation of the chloropyridine 
(9*0 by heating* The chloropyridine (91) could not be induced to 
undergo a Grignard coupling reaction with pent-4-enylmagnesium 
bromide, and neither could the Grignard complex of (91) with magnesium 
be prepared.
The failure of the pyridineacetonitrile (89) reaction with
pent-A— enylmagnesium bromide was attributed to the "abnormal1*
90reactivity of nitrile groups adjacent to methylene groups carrying 
labile hydrogen atoms. Nitriles of this type can exist in a 
tautomeric form (92) through which the compound preferentially reacts 
with Grignard reagents.
CH. \ l l ^
(89)
,^^CH=C=NH
(92)
RMgBr
° V \ K ^
(93)
CH=C=KMgBr
+
Pentene
R = (CHo)70H=CHo2 3 2
The tautomeric form (92) of the nitrile (89) reacted with pent-*f- 
enylmagnesium bromide to give pentene, and a compound (93), bhe 
magnesium bromide complex of the ketenimine (92). On hydrolysis, 
compound (93) was converted in almost quantitative yield back to the 
nitrile.
With several of the intermediates certain features of spectro­
scopic interest were observed v/hich warranted a separate investigation. 
The -N.M.R. spectrum of the thiomorpholide (83) showed that the 
methylene group adjacent to the C-S group v/as strongly deshielded, 
giving a signal at i 3®32~5«80 along with two other protons of the
morpholine group. The remaining six morpholine-ring protons 
appeared between t6„10 and T 6.63« The Ghemical shift position 
of the cx-methylene group was much lower than expected, for example, 
in ethyl 6-methyl*-3~pyridylacetic acid ester (86) it appeared at 
T 6.46. This deshielding effect was attributed to the presence of 
the C=S group, and, in particular, to the sulphur atom. Here the 
3.arge Van der V/aals radius of the sulphur atom interacts with the 
Van der V/aals radii of the adjacent methylene group protons and two 
protons next to the nitrogen atom of the morpholine ring prodvicing 
a paramagnetic shift on these protons. Courtauld models showed 
clearly 'that-' steric interactions involving the Van der Waals radii 
of the atoms concerned were possible in the thiomorpholide (83).
This sulphur deshielding influence was confirmed to some extent 
by comparison with the corresponding morpholide system (84). Here, 
the smaller oxygen atom did not exhibit.the.same degree of deshieldin
on the adjacent protons. This compound, was prepared by the
Q'l "
hydrogen peroxide oxidation of the thiomorpholide (83). In the
morpholide (84) the methylene group protons and the morpholine ring
protons appear as two broad singlets situated at T 6.35 und 6.46.
In D^-DMSO these two singlets appear at T 6.31 and 6.50 sufficiently
separated to enable the former signal to be assigned to the methylene
group and the latter to the morpholine ring protons. This assignment
was further supported by converting the labile methylene group into
an anion with sodium hydride in Dg-DMSO (this solvent was used for
N.M.R. convenience). The peak at t 6.31 was shifted to ^6.62,
consistent with the formation of a partial anionic charge on the
methylene group. Attempts to assign one of the peeks in the
thiomorpholide spectrum to the methylene group in this compound 
by a similar sodium hydride exchange reaction met with failure.
The Synthesis of Bridged Pyridines by Method B
An Attempted Intramolecular Grignard Reaction 
While the previous work was in progress, preliminary invest­
igations were being carried out towards the synthesis of bridged
pyridines by Method B. In a route proposed by a previous research 
68worker , a cyclisation step involving an intramolecular Grignard reactio
was described. As this was the only speculative step in the scheme,
it seemed'worthwhile attempting the Grignard reaction on a model
compound. 6-Iodohexan~2»one (9*0 was selected for comparison v/ith
the proposed compound (95) in part because 6-iodohexan~2»one had
been cyclised to 1-methylcyclopentanol (96) in low yield by an
92intramolecular Grignard reaction . It seemed desirable, to repeat
0
v_.•Br
CH.
0
I Mg
OH
3 (96)(95) (9*0
this work and try to obtain a better yield than that reported by
92 .
Zelinsky and Moser • 6-Iodohexan*»2-one was prepared according to
the route shown as follows:
CH-^COCHpCO Et
* d  ^ NaOEt
r* ^ \ C 0 2Et W o  HBr
^  CH3C0(CH2)ZfBr
Eton
Br(CH0)-,Br 2 5
+
KI/ (98)
acetone v
Y
ch^coCch^ i
Q3The 6-bromohexan~2-one (98) was■converted to the iodo-compound
Qly
(9k) by essentially the same procedure as used by House et al., 
for the preparation of 6~iodoh.exan~2~.one from 6-chlorohexan~2~one.
The iodo-compound (9^ ) was then treated, under Grignard conditions, 
v/ith magnesium to effect an intramolecular cyclisation according to 
the procedure described by Zelinsky and Moser* Hoi/ever, v/ork~up of 
the reaction mixture yielded disappointing results* Apart from 
quite a large amount of unreacted magnesium, an oil was isolated 
which decomposed upon distillation to give three fractions each 
having a wide boiling range. In an effort to determine the nature 
of the components in these fractions, the first two and the oil 
prior to distillation were subjected to a G.LoCe examination on a 
polypropylene glycol column. By this method each of the fractions 
were shown to consist of many components. It was impossible.to 
identify any one of them except for the starting material, 6-iodo-» 
hexan-2-one, which was observed to be the major component in each 
of the samples. There was certainly no indication of the required 
cyclic product. A similar attempt at cyclising the 6-bromohexan*“2~one 
v/as also unsuccessful. Because of the failure to obtain a. cyclic 
product by repetition of the v/ork of Zelinsky and Moser, and in view 
of the low yield which they obtained, work on the synthesis of the 
compound. (95) was discontinued.
The Attempted Dehydration of 2-Hydroxycyclodecanone
Following the failure of the intramolecular Grignard reaction 
on (91*-) a new synthetic route v/as worked out. The aim of this new 
route v/as the synthesis of a bicyclic olefin of the type (97) which 
it v/as hoped would undergo the Schmidt rearrangement with hyctrazoic 
acid in an analogous manner to that observed for the bicyclic olefins
73prepared by Buchi et al. in their synthesis of a bridged pyridine. 
A reaction of this type on a bicyclic olefin was outlined on page 
The speculative route is shown as follows:-
. Reformatsky 
BrGH2C02Et
>/-
SnClo/Aco0
AcOH
(97)
This synthesis required the dehydration of an a “hydroxyketone at
95 96the second stage. Leonard and Owens, and Stoll have shown■that 
cyclic ocP -unsaturated ketones can be prepared by dehydration of the 
corresponding a -hydroxyketone over heated alumina. Because of its 
ready availability through the acyloin reaction, 2-hydroxycyclodeca.none 
(sebacoin) was selected as the model compound for this work. The 
directions of Leonard and Owens were followed as closely as possible, 
namely distillation of the cyclic a -hydroxyketone through a column 
packed with an equal volume mixture of Gooch asbestos (to act as a 
support) and alumina of A-0-100 mesh. The ’’Alcoa” alumina used by 
these workers was not available, and in fact, the only activated 
alumina which could be obtained was an ’’Actal” type A grade of 16/32.’s
mesh size from Laporte Industries* Both this and BeD©H«, desiccator 
grade (8-16 mesh) alumina.--.were used in these experiments*
The alumina was ground to the required mesh size in a ball mill, 
mixed 'with the Gooch asbestos and packed into a glass column, v/hich
was heated by means of heating tape wrapped,around the outside
The apparatus used is.shown in Fig 7
Vacuum pump
Heating
tape
Acetone-carbon die; 
trap
2 \
hleed
Fig 7
Pure sebacoin was distilled under high vacuum under nitrogen through
othe alumina which v/as heated to about to 320 The products
that v/ere formed were collected in an acetone-carbon dioxide trap 
after initial condensation in a double-surface condenser*
Although this dehydration was carried out a number of times 
no ketonic products v/ere detected spectroscopically in the low-yield 
condensate, and neither could any ketonic derivatives be prepared*
Except when B*D.H. grade alumina was used a deep-blue- liquid
v/as usually obtained in the condensate* The I*R* spectrum of this
liquid was not very informative, whilst a TeL«C* examination showed
a number of components to be present* ‘Distillation of this liquid
did not effect separation of the components. It seemed possible
that the blue colouration was due to minute amounts of azulene*
97for it has been found by Prelog that azulene can be prepared by 
dehydration of 2-hydroxycyclodecanone over alumina followed by 
dehydrogenation over palladium on carbon* Such a dehydrogenation 
might have occurred over the present alumina catalyst* In addition, 
a blue compound was observed during the cyclodehydration of (99) to 
(•100) over alumina at ^00° ^ *  SWhen the dehydration was tried with 
(100) the blue compound v/as obtained in 30% yield. The compound (100) 
has the right skeletal structure for an aza-azulene* •
(100)
Several small-scale dehydrations of 2-hy.droxycyclodecanone were 
carried out with phosphorus pentoxide, potassium bisulphate, p~ 
toluenesulphonic acid in dry benzene and v/ith V/oelm alumina (neutral,
activity grade I) containing 1% pyridine, a reagent used by Van Rudloff
98 'for dehydration reactions . However, none of these reagents
yielded the desired 2-cyclodecenone*
In an effort to circumvent this difficulty, the dehydro-
halogenation of 2-bromocyclodecanone (101) to 2-cyclodecenone was 
investigated. The compound (101) was prepared by bromination of 
cyclodecanone in carbon tetrachloride. The chemical and physical
(101)
properties of compound (101) agreed with those of the same compound
95prepared by a different method . An attempt was then made to
dehydrohalogenate the 2-bromocyclodecanone using a mixture of lithium
99 100bromide and lithium carbonate in dimethylformamide, a reagent
v/hich had been successfully used for the dehydrobromination of the
2-bromocyclohexanone ring to the cyclohexen-2-one ring in steroids.
Unfortunately, this reaction also met with failure. Although a band 
„ 1
at 1630 cm in the I.R. spectrum of the crude product indicated 
that.-an unsaturated compound v/as possibly present, no 2-cyclodecenone 
derivative could be prepared. A T.L.C. examination of the crude 
reaction product showed this to be a mixture of at least three 
components.
As no success attended this reaction, the use of 2-cyclodece:aon 
as an intermediate for synthetic routes to para-bridged pyridines 
was abandoned. -Instead, attention v/as turned to the macrocyclic 
ketone as the starting material for an alternative route, leading 
again to a bicyclic olefin (105) or possibly a ketone (106), so that 
a nitrogen atom could be introduced via the Schmidt or Beckmann 
rearrangements respectively. The projected routes starting from 
cyclic ketone are shown on page 90. This is reproduced in the form 
of a fold-out sheet, in order that the discussion of the reaction 
scheme may be followed easily.
It v/as thought that the base catalysed cyclisation of the 
|3 -ketoaldehyde .(103) would present the greatest difficulty, as 
all the other steps involved application of known reactions to 
the particular:compounds shown in the scheme* This cyclisation 
reaction v/ill be discussed In detail later. ,
The C-allcylation of the Medium Ring Ketones
The first stage in this new synthetic route called for the 
introduction of the -CH^CHO function. However, as free aldehydic 
groups are very reactive this function v/as protected as its acetal. 
The initial alkylation v/ork was carried out on cyclodecanone 
because of its availability from the acyloin cyclisation of dimethyl 
sebacate. It was thought that these cyclic ketones would undergo
101alkylation by the enamine method, so the procedure of Stork et al* 
was applied. The pyrrolidine-enamine (111) of cyclodecanone v/as 
prepared by the standard procedure and this v/as then treated with 
bromoacetal according to the conditions outlined in the reference.
BrCHoCH(0Et)P-Ts OH 
H in
Benzene
(111)
Hov/ever, despite several attempts under different reaction conditions
no alkylated product v/as identified, only cyclodecanone and
pyrrolidine v/ere recovered each time on work up of the reaction.
Failure v/as attributed to the -low reactivity of bromoacetal rather
than any ’’abnormal" reactivity on the part of the pyrrolidine-enamine
10.2(111). Consequently, attention v/as turned to the imine procedure
v/hich had been developed by Stork and Dov/d for alkylations involving 
the less reactive alkyl halides. The cyclohexylidene inline (112) 
of cyclodecanone v/as prepared by the usual procedure and then 
treated with ethylmagnesiura bromide to effect conversion to the 
enamine complex (113)® Reaction of compound (113) with bromoacetal 
afforded no recognisable alkylated product, and only cyclodecanone 
and bromoacetal could be identified in the crude reaction mixture 
after work-up.
reflux
£-TsOH
in
benzene
no
reaction
‘MgBr
(113)
■ + C2H6
The failure of both these methods prompted an examination of 
the reactivitiy ■: of the medium-ring enamine (111) towards very 
reactive halides. But when chloroacetone was refluxed with (111) 
no C-alkylated product v/as obtained. This v/as in marked contrast 
to the very ready reactivity of cyclohexanone-enamines towards 
chloroacetone. Hov/ever, it has 'been found that these medium-ring 
enamines can give "abnormal." products on acylation^-^ and alkylation^ 
It is quite possible, therefore, that a similar effect v/as
being observed here.
Sodium hydride was then selected as the next possible alkylating 
agent. It is a strong base but poor nucleophile, and readily reacts
derivatives. Cyclodecanone reacted smoothly with sodium hydride in
yellowish-orange anion (11*0. The temperature of the. reaction was 
found to be critical. If it was too high then side reactions started 
to take place giving a non-distillable residue on work-up»of the 
reaction mixture. If the temperature was too low then formation 
of the anion was slow and not complete even after 2k hours. The 
anion (11*f) reacted easily with bromoacetal to yield the required 
C-alkylated product (102, n = 7) in overall yield, the unreacted 
Cyclodecanone being recycled. The product (102, n = 7) was identified 
by its spectroscopic and physical properties. The N.M.R. and I.R. 
spectra of this compound had several interesting features v/hich are 
worth commentf and will be compared with the spectra of the cyclo- 
dodecanone acetal product (102, n - 9)« This was prepared s. JL»s o by 
the sodium hydride-dimethylformamide method in a k£>% yield, but the ' 
unreacted cyclododecanone was not recycled.
105with active methylene compounds with formation of their sodio
dimethylformamide at k$ to 50° with concomitant-*generation of the
(11A-)
BrCH2CIi(0Et)2
/ \ ^ vCH2CH(0Et)2 
(102, n -  7) ■'
The NoMcR. spectrum of the cyclododecanone acetal showed two 
triplets centred at u SaSk and 8,90? while the spectrum of cyclo- 
decanone contained two triplets centred at T and 8087* In the
latter compound an additional small triplet v/as observed at T 3*^1®
It v/as quite possible that the cyclodecanone acetal v/as contaminated 
with bromoacetal as this would explain the additional peaks; since the 
two triplets in the spectrum of bromoacetal appeared at and T
8.8I0 But, surprisingly, repeated distillation of the suspected, 
mixture did not alter the relative proportions of the triplets at'
T 3*^1 and 5*72(assigned to the CH of the acetal group in cyclo­
decanone, acetal) •
It is possible that one oxygen of the acetal group may be hydrogen 
bonded by the enolised ring carbonyl group as shown in (113)« This
(113) n = 6,8,
effect would explain the observed complexity of the ~0CEL>C(the .CH^
of the acetal group) resonances as well as the two additional triplets
in the N0M0R» spectra of the cyclodecanone and cyclododecanone acetals*
In addition, it would also explain the appearance of a weak shoulder 
—1band at 1660 cm in the I.E. spectrum of cyclododecanone acetal,
-1and a slightly stronger band at 1637 cm in the spectrum of the 
cyclodecanone acetal^ these being assignable to the C=C bond of the 
enolic hydrogen bonded form'(113)- Evidence for the presence of the 
enol form in both these acetals v/as provided by the purple colouration . 
given v/ith ferric chloride solution.
Hydrolysis of 2-(2* -diethoxyethyl) cyclodecanone and 2-(2’-diethoxy­
ethyl) cyclododecanone 
The hydrolysis of the acetal (102, h =  9) to the (3-ketoaldehyde 
(103, n== 9) was accomplished using a very dilute solution of aqueous 
hydrochloric acid. However, considerable experimentation was 
necessary in the early stages to find the right hydrolysis conditions. 
When•the'hydrolysis of cyclodecanone acetal (102, n = 7) was carried 
out under homogeneous conditions in aqueous acidic dioxan at 30° one 
product was isolated. Carbonyl /bands in the IoR. spectrum of this 
product indicated that the desired (3-ketoaldehyde had been obtained. 
However, subsequent work on the hydrolysis of the cyclododecanone 
acetal (102, n =9) showed this to be in error. In fact, the product 
was a mixture containing the furan (116) as the major component®
Lack of cyclodecanone at this stage made it necessary to resort to
dilute aq. acidic
dioxan  ---
CH(0Et)o 30
i
(116)
the more readily available cyclododecanone, and this v/as alkylated 
to the acetal by the sodium hydride method as mentioned earlier.
The development of the optimum hydrolysis conditions were,therefore, 
carried out using the cyclododecanone acetal (102, n = 9) as shown 
in the scheme on the next page.
From this stage, the remainder of the work leading to the 
synthesis of [9] (2,3)pyridinophane was accomplished with the inter­
mediates derived from cyclododecanone. .
•CHoCH(0Et)
(102, n = 9)
(vii (iv)
(v) No. (.11?) but little 
or no hydrolysis(vi)
No (117), some indication 
of the formation of (103*
(118)
+ (103, n = 9)
.60%-yield of (103, n = 9) with HC1 as
acid catalyst
The yield was 68% using jo-toluenesulphonic
ac j. d
Conditions:-
(i) Dilute aqueous acidic dioxan solution stirred at 50° •
(ii) Heated for 3 minutes under reflux in aqueous acidic dioxan soln.
(iii) Refluxed for 1 h in dilute aqueous hydrochloric acid solution,,
(iv) Stirred at 50° in dilute hydrochloric acid solution for 0*3 h*
(v) Same as for (iv) but stirred for a longer time,
(vi) Same as (iv) but vigorously stirred for 13 h* When p~toluene~
sulphonic acid was used the time was 6 h.
(vii) When too little aqueous hydrochloric acid was used.
The furan (11?) obtained from the acid hydrolysis of (102, 
n ~ 9) was isolated in the pure state* A comparison of the highly 
characteristicspectrum of this compound with the spectrum 
of the impure product obtained from the hydrolysis of the cyclo­
decanone acetal, fully confirmed that the impure product contained 
the furan (116) . The. N.M.R* spectra of these two compounds are 
compared in Table 3»
Table 3
(117) (116)impure sample
a-H
P-H
CH:
•CH.
2.86 (d, J '1.7 Hz) 
... 3® 98 (d, J 1.7 Hz)
7®*f3 ca.-t, J 6*5 Hz,
2.83 (d,- J. 1.7 Hz) 
k*00 (d, J 1.7 Hz)
7.30 ca.t, J 6*5 Hz,
7-6^ ca.t, J 6*5 Hz. 7-52 ca.t, J 6*5 Hz,
8.00~9e20 multiplet* 8o00~9«>20 multiplet,
Both spectra were determined in cs.rbon tetrachloride.
The best conditions for the hydrolysis were vigorous stirring 
at 50° under nitrogen in deoxygenated water in the presence of an 
acid catalyst. The use of nitrogen and deoxygenated water was 
necessary to/prevent oxidation of the air sensitive (3-ketoaldehyde. 
p-Toluenesulphonic acid was found to be better than hydrochloric 
acid, giving, an improved yield in a shorter reaction time. .
When too little aqueous hydrochloric acid was used for the 
hydrolysis a second product (118) was also formed. This compound 
could not be isolated in a pure state as its boiling point was very 
close to that of the p-ketoa3.dehyde (103* n = 9)* However, from
examination of the spectral data of mixtures containing this new 
compound, it waspossible to assign to it tentatively the structure
(118) on the basis of. the following evidence* In the infra-red 
spectrum a weak band at 1688 cm (C=C) and a strong band at
—'I
960 cm were observed. The mass spectrum.showed a molecular 
ion at 252 ( structure (118) has a molecular weight of 252) in a 
mixture of the-aldehyde (103? n = 9? M*1, 22^ f) and the new compound* 
The N.MaR.; spectrum of this mixture'showed peaks at T and *fe82
( double doublet, O-CH-O ) and T 6.10-6*80 ( multiplet, O-CH^CK^ ) 
which were not observed in the spectrum of the pure aldehyde (103? 
n = 9)• The double doublet in the NcM.R® spectrum was in the correct 
position for a proton situated between two oxygen atoms* Protons . 
in these chemical environments have been found to resonate at about 
T 5*2^^. The pattern of these peaks would seem to indicate that 
they were the X part of an AMX rather than an ABX system* That the 
spin, system is AMX appears to be because the -OG^H^ group can lie 
on one side of the dihydrofuran ring in (118) and so appreciably 
affect the chemical shift of only one of the ring methylene protons 
as shown in (120).
H.X
(120)
The formation of the dihydrofuran (118) during the hydrolysis 
of the acetal (102, n = 9)* most probably proceeds through the 
hemiacetal (119) which, in the reaction conditions prevailing, 
undergoes internal carbonyl addition followed by elimination of 
the elements of water as shown in the following reaction scheme*-
(102, n = 9)
EtOB/H
CH~CH 
2 \OEt
/ (119)
V
OH
Base Catalysed Cyclisation of the (3 -ke to aldehyde (103, n = 9)
The next stage in the projected route called for the base 
catalysed cyclisation of, the |3“ketoaldehyde (103, n = 9)» The 
literature contains many references to intramolecular, base
induced cyclisations particularly with regard to the synthesis of
107 108 71substituted cyclopentenones . 9 In addition, Prelog has shown
that y -diketones of the type (121),which have certain similarities
with the (3-ketoaldehyde (103, n = 9)* can be cyclised under basic
conditions to give compounds of the type (122)„
CH-,C0(CHo)o-HJ? ^ ^
0=
The carbonyl group of the side-chain condensed with the active 
methylene group adjacent to the ring carbonyl in preference to the 
alternative condensation only when the ring size was greater than 
nine-membered. That the (3 -ketoaldehyde (103, n = 9) could be 
cyclised if the right reaction conditions were found was indicated 
by molecular models which’ showed that the bicyclic a(3-unsaturated keton 
(10*1-, n = 9) was unstrained for h = 9 and thus able to accommodate 
the bridgehead double bond. Furthermore, the aldehydic group must 
condense with the active methylene group adjacent to the ring carbonyl 
giving rise to the five-membered ring, rather than the alternative 
condensation leading to the energetically unfavoured three- 
membered ring.
For the initial experiment a .1% sodium hydroxide solution in
deoxygenated water was tried* These conditions were similar to
those employed by Robinson et al.^^ for the cyclisation of y-
diketones to substituted cyclopentenones. The p -ketoaldehyde
was added to the -.refluxing basic solution under nitrogen and afforded
on work-up a viscous oil. From this oil was distilled a liquid in
about bk°/o yields a large amount of a gummy residue remained in the
flask* The formation of gummy material was expected in view of the
presence of an aldehydic function in the molecule* The liquid was
characterised as the cyclopentenone (10^ , n = 9) on the basis of its
spectral properties and particularly the U.V. spectrum. The 'I.E.
spectrum showed a band, at 1699 cm (C=0) and one at 1630 cm
assigned to the C=C group. The N.M.R. spectrum showed a low-field
multiplet at T 2*77-2©93 which was assigned to the olefinic proton* I
the U.V. spectrum an absorption maxima at 232 nra was observed
consistent with the presence of an a(3 -unsaturated system in the
compound. Comparison with the U.V. and N.M.R. data of some known
109 1102-substituted cyclopentenones (123) fully confirmed the.
' ' 0
C  V-R
(123)
authenticity, of the bicyclic oc(3-unsaturated ketone. Unfortunately, 
all attempts at preparing a carbonyl derivative of this ketone 
were unsuccessful, presumably a result of the carbonyl group being 
highly hindered by the bridging methylene system.
The next step in the route required the removal of the
conjugated double bond in (10^ , n =9) to give the bicyclic ketone
(106, n = -9). This was achieved by hydrogenation at atmospheric
111pressure over 10% palladium on charcoal . The bicyclic ketone
(106, n = 9) was isolated in .80% yield'.and characterised by its
spectral properties* The IeR. spectrum showed a shift in the carbonyl
—1 -1absorption from 1699 cm to .'1723 cm for the bicyclic ketone (106,
n = 9)» consistent with the removal of conjugation in.the bridged
cyclopentenone system n =? 9)« The N..M.R. spectrum .showed no
low-field multiplet at T 2*77-2*99? while a molec.ular ion two mass
units larger than that of the cyclopentenone (10*f, n = 9) was recorded
in the mass spectrum*
An alternative route to the bicyclic ketone (106, n =9) based
112on the method of Nosaki and co-workers was investigated* Their 
method called for reaction of the 2-ethoxycarbonyl derivative of 
macrocyclic ketone with sodium hydride in the presence of:1,3- and 
1,^-dibromoalkanes to give compounds of the type (12^) and (129) 
respectively following hydrolysis to remove the ethoxycarbonyl group*
It seemed .worthwhile to attempt this reaction v/ith 1,2-dibromoethane 
on 2-ethoxycarbonylcyclododecanone (126), hopefully to obtain the 
required bicyclic ketone (106, n = 9) by a simpler route* The 
reaction scheme is shown’on the next page*
NaH X (i) KaH/Xylene noreaction
Diethyl X 0Et (ii) BrCH2CH2Br'2 2'carbonate
(126)
Unfortunately, this reaction met with failure and only cyclo­
dodecanone was recovered after the hydrolysis stage.
Conversion of the bicyclic ketone (106, n - 9) to the crystalline
oxime was achieved in 77% yield by refluxing in aqueous ethaholic 
hydroxylamine solution for 6 days. This long reaction period was 
necessary to ensure complete conversion of the ketone, the lack of 
reactivity again being attributed to steric hindrance of the carbonyl 
group by the bridging methylene system. The I.E. spectrum showed a
■ —'I — 1
weak band at 1669 cm and a strong band at 3300 cm characteristic 
of the ^ )C=N.-0H group. The molecular ion (m| 223) indicated that 
the oxime group had been introduced into the bicyclic ketone (106, 
n = 9> M* 208). The N*M.K. spectrum showed a peak at TO.SO-which
was•exchangeable with D^O and thus assigned to the OH proton.
Although no attempt was made to determine the stereochemical 
course of these reactions, it is reasonable to conclude that the 
conditions of hydrogenation of the bicyclic oc[3-unsaturated ketone 
(104, n = 9) will lead exclusively to the cis-isomer (127). This is
because the bulky side-chain will only allow the addition of hydrogen
‘ 113to take place on the opposite side of the molecule.
Catalyst 
surface H
! 9
t
/
\
I
H
(104, n = 9) (127) cis isomer of (106,
If this is indeed so, then it is to toe noted that the product
(127j iee0 106, n = 9) is a meso-compound.
In the- oxime (107, n = 9) prepared from this meso-compound, 
the two geometrical isomers arising from the planar ^C=N-0H group
are also optical isomers as shown in (128) '
d 1
Polyphosphoric acid was chosen for the Beckmann rearrangement
of the oxime (107, n = 9), as it comtoined tooth the functions of
1 "]'lb-solvent and catalyst for this reaction . The oxime underwent
rearrangement very rapidly in this reagent at 130°, over 20 minutes, 
to afford the "bridged lactam (108, n =9) iu 80% yield. The lactam 
v?as isolated as a crystalline solid and had the expected spectro­
scopic properties of such a system. The I.R. spectrum showed a
— 1strong lactam carbonyl "band at 1638 cm , with NH "bands at 3^80,
-'j '
3190 and 3060 cm . The mass spectrum gave a molecular ion of 
identical mass number (M+, 223) to the oxime showing that only a 
rearrangement had taken place. In the N.M.R. spectrum the NH proton 
was found at T 0.95-1 *33 as a "broad singlet exchangeable with D^O.
In an attempt to convert the "bicyclic ketone (106, ri = 9) direc 
to the bridged lactam (108, n - 9) by means of the Schmidt reaction
using, (i) sodium azide in benzene-concentrated sulphuric acid
mixture, and (ii) sodium azide in polyphosphoric acid, both met
with failure.. In view of the success with the Beckmann rearrangement,-
work on the Schmidt reaction was discontinued*
The bridged lactam (108, n =9) was reduced with, lithium
aluminium hydride in refluxing diethyl ether to the bridged piperidine
(109j u.= 9) compound in 30%,yield. The I.R. spectrum showed bands
at 2800 and ,27^0 cm which are very characteristic of the piperidine
ring system, while the mass spectrum gave the expected molecular ion
for the bridged piperidine (109, n = 9; -M* 209). A benzoyl
derivative .was prepared for characterisation.
The bridged piperidine (109, n = 9) was dehydrogenated over
1C$> palladium on charcoal in refluxing 1~methylnaphthalene to afford
the [9] (2,5)pyridinophane in 66%> yield. This method of dehydrogenat-
ing the/piperidine ring was similar to that employed by Buchi and co- 
7 3
workers on a mixture of tetrahydropyridines. That this compound
was the pyridinophane was supported by its spectral properties
(see Table k), which were identical with those of the [*9] (2,5)pyridin~
3
ophane already prepared by Gerlach and Huber by an alternative route.
In addition, the pyridinophane also gave a stable, crystalline 
methiodide on refluxing with methyl iodide in methanol.
The 2,3-disubstitution pattern of the pyridine ring was 
confirmed by examination of the aromatic region in the N.M.R. 
spectrum of the pyridinophane. The a-H appeared at T 1.71 coupled 
as a fine doublet to the y -H. The P-II at T 3®06 was coupled also 
as a doublet to the y-H, which proton appeared, therefore, as a 
double doublet at T2.72. The two methylene groups adjacent to 
the pyfidine ring gave rise to a multiplet between ^ 6.88~7«72
While the remainder of the methylene groups appeared over the 
range T 8.10-10.30 With ho clearly distinguishable fine structure 
from which assignments might be made.
Table h
[9] (2 , 3) Pyridinophane Lit?
IR (Film) 1596 (m) 
1565 (m)
- (CC1. solution) 
1595 (m) 
1565 (m) ,
(^^Ethanol) 273 nm (E 3270)
^ b/° Etliano:M  218 nra (c 6800)
Inflexion at 279*5 nra
273 nm (C 3000) 
218 nm (G 6200)
~10%
T J (Hz)
Unknown concentratio
T J (Hz)
. NMR 
(CCl^)
0G~H, -I..7I. d, 2.1 
Y-H, 2.72. dd, 2.1 and 7*7 
P-H, 3*06. d, 7*7
6.88-7*72. m, -CH2PyCH2-
8.10-10.3* m, -(GH2)7-
a-H, 1.70. d, 2.1 
Y-H., 2.71 „ dd, 2.1 and
P-H, 3*07. d, 7,5. :
. 6. 9-7 . 6. m, -CHgPyOHp, 
8.1-10.2. m, - (C.IE ),_■’•
+M . .... 203 203
Abbreviations
NMRj d - doubletj dd = double doublet; m = multiplet
IR; (m) = medium intensity band.
The Synthesis of [7] (2,5)Pyridinophane
Having achieved a successful synthesis of a bridged pyridine 
by constructing the latter ring on a pre-formed raacrocyclic ring, 
it seemed v/ell worth extending the preparation to a seven-membered 
bridged analogue. The reasons for doing this are two-fold. First, 
neither this compound nor the corresponding benzenoid system are 
known; and secondly, the synthesis of another bridged pyridine v/oiild 
permit this method to be classed as a new synthesis of para-bridged 
pyridines. It was felt that the new route might successfully give
shorter bridged systems, because the bridging polymethylene group 
is formed at an early stage in the synthesis, and subsequent 
operations do not involve this group in any way. The determining 
factor was Whether the piperidine ring' could be dehydrogenated to
give the highly strained seven-bridged pyridine. In 1963 Allinger
115 ‘ pi
and co-workers prepared an [_8J paracyclophane-A-carboxylic acid
by a ring-contraction method, the -Wolff rearrangement of the diazo-
ketone of [9] paracyclophane. Allinger et al. calculated^ that the
[?] paracyclophane system was about as strained as cyclopropane and
therefore considered its synthesis to be feasible on this basis.
SDhey were then going to apply this method to the preparation of
[7] paracyclophane, but have so far not reported its synthesis. It
is probable that the high strain factor involved in the formation of
a seven-bridged system cannot be overcome by the ring-contraction
method, if their failure to' report a successful synthesis^ may be
taken as support for this suggestion. A final step aromatisation
reaction, as employed in this work, fcopa-short-bridged, system
appeared to be more advantageous energetically than the alternative
ring-contraction method.
By an exactly analogous route leading to the preparation of
[9] (2,5)pyridinophane, [7] (2,3)pyridinophane was synthesised.
A. large quantity of cyclodecanone was made by acyloin 
cyclisation of dimethyl sebacate followed by hydriodic acid reduction 
(this reduction method will be discussed later). Alkylation of 
cyclodecanone with bromoacetal has been mentioned earlier in this 
section. Hydrolysis of the acetal (102, n = 7) to the (3-ketoaldehyde 
(103, n = 7) was accomplished with £-toluenesulphonic acid in de­
oxygenated water in a yield. The spectral properties confirmed
the formation of the p-ketoaldehyde (103, n'=* 7)* Unfortunately, 
the carboxylic acid derivative for.ldharacterisation of the (3-keto- 
aldehyde could not be prepared as was possible for the |3 -keto- 
aldehyde (103, n - 9)* The cyclisation of the (3-ketoaldehyde 
(103, n a 7) in 1% sodium hydroxide solution proceeded very easily 
toagive the cyclopentenone system (10*}-, n = 7) in good yield (77%) *
The spectral properties of this compound were comparable with the 
homologous cyclopentenone (10*+, n = 9) and provided confirmation of 
structure. During the cyclisation there was little sign of thelresin 
formation which accompanied the preparation of the larger cyclo­
pentenone (10*1-, n = 9)* Hydrogenation of the bicyclic oc(3 -unsaturated 
ketone (10*+, n = 7) proceeded smoothly to give the ketone (106, n = 7) 
in 90% yield. Conversion of the ketone to the oxime (107, n = 7) 
did not proceed at all well and was only about 30% complete, after 
refluxing in aqueous ethanolic hydroxylamine for six days. The very 
slow reaction rate was expected because steric hindrance of the 
carbonyl group is even greater in this compound than in the nona- 
methylene bridged ketone (106, n = 9)• Chromatography over alumina 
effected separation of the unreacted ketone from the oxime, which was 
isolated as a crystalline solid. The oxime underwent the Beckmann 
rearrangement in the usual way to give the bridged lactam (108, n = 7) 
in 70% yield. Difficulty was experienced in obtaining a pure sample 
of the lactam. Repeated attempts at purification consistently gave 
a product with a slightly low % carbon and a marginally high % hydrogen 
lack of material prevented any further purification attempts. That 
the lactam (108, n = 7) was the correct compound was seen by comparison 
of the mass spectral fragmentation pattern of the two bridged lactams 
(108, n = 7 and 9)* The first fragmentation step involved loss of
28 mass units in both compounds, presumably due to loss of CO, 
followed by elimination'of 13 mass units, loss of NH. From then 
on there was: repeated loss of 1*f mass units, consistent with the 
progressive elimination of CH2 units from the chain. In addition, 
the I.R. spectrum was very similar to that of the nine-membered
—1bridged lactam (108, n = 9) except for a medium band at 3*^ 83 cm .
In carbon tetrachloride this band was shown to be due to free NH
— 1stretching, while the other bands at 3280, 3180 and 30*f0 cm were 
ascribed to intermolecular hydrogen-bonded NH bands. The presence 
of the free NH band may be ascribed to the strain in the seven- 
membered bridged lactam (108, n = 7) which,in one possible conform­
ation, iisfisufficient to break dovm the intermolecular hydrogen-bonding 
by distortion of the -NHCO- group. There is also the possibility of 
transannular hydrogen-bonding between the carbonyl group of the lactam 
and methylene groups of the bridging ring, which would effectively 
reduce intermolecular hydrogen-bonding and leave the NH free. These 
arguments, however, are speculative; lack of time has prevented 
further research on the bridged lactam (108, n=7)*
Lithium aluminium hydride reduction of the lactam afforded the' 
bridged piperidine (109, n = 7) in low yield (37%)* Lack of material 
prevented the preparation of a suitable derivative. Comparison 
of its spectral properties with those of the nonamethylene bridged 
piperidine (109,“n = 9) fully confirmed that the correct compound had 
been obtained.
The final dehydrogenation to the bridged pyridine did not 
proceed smoothly. Hydrogen was evolved very quickly at 2*i-0° but this v 
was followed by very slow loss on extended-refluxing. When this 
reaction was followed by thin layer chromatography it 'was seen that
(107)
A
after the initially fast evolution of hydrogen, no pyridinophane 
was present® However, when the reflux time was extended the 
pyridinophanewas seen to form gradually* Thus it appeared that 
the initial hydrogen loss-led to dihydro and tetrahydro pyridine 
intermediates, but, because of the strain iii the final bridged 
pyridine system these only reluctantly underwent further dehydro­
genation to the pyridine itself* Perhaps the dehydrogenation wi 11 
benefit from a higher reaction temperature to ensure faster evolution 
of hydrogen and so reduce the reaction time* The yield of pyridino­
phane was about 50%, the remainder of the material appeared as a resin* 
That: the [7] (2,3)pyridinophane had been formed was evidenced by its 
spectral properties, and particularly its N.MeR* spectrum, which . 
showed the usual pattern in the aromatic region for a 2,3-disubstituted 
pyridine ring* For characterisation, the pyridinophane has yielded 
a crystalline methiodide.
. A discussion of the spectra of this compound, its methiodide 
salt,* together with that of the salts of [9] (2,3)pyridinophane can 
be found in the next Section.
The Synthesis of [9] Paracyclophane
In order to compare the [9] (2,3)pyridinophane with [9] paracyclo­
phane under identical conditions for the purpose outlined in Section 
2, it became necessary to synthesise the paracyclophane. The general 
literature procedure of Cram and Antar was followed but with a 
few modifications as shown in the reaction scheme on the next page*:
An improved yield v/as obtained on Friedel-Crafts acylation with 
glutaric anhydride over that stated in the literature, giving the 
half-ester (129) in’*f7% yield. The acyloin cyclisation of the
« \(ch-)-co-h. — --°H >■ \ch,),co,c0h_ + ( c j o / >
d j > d  t r c n  \  /  2 >  2 2 5  \ 2  3^ /\  / \n AH2S0if 'CO
A1C1
(GHg)5C02H
(ch2)^ co2h 
(130)
HeOH/H^O^
(ch2)3c°2ch3
Y
( C H ^ C O ^
(131)
HHpNHp.HpO
Digol
Na
Xylene
(CHo)^C0oCoHc 3 d 2 3
C0(CHo)-jC0oH 2 3 2
(129)
(CH2^  : ■'
U n  V -
HI/ 
glacial 
acetic acid
=0 I OH 
OH f = 0
(132)
t
NH2NH2.H20
Digol/Ethanol
CH.
FO
(13^) (133)
diester (.131) was accomplished using the Vibro-stirrer apparatus
(Fig 3) in a 23% yield* • This was lower than the 33% yield recorded
11S ■in the literature. , but was reasonable for a first run. As the
hydriodic acid reduction (to be discussed shortly) of the mixed 
acyloin product from dimethyl sebacate was found to give cleanly, 
and in excellent yield, the cyclic ketone; it was of interest to see 
if the crude paracyclophane acyloin mixture (132) could be reduced 
with this reagent to the isomeric [9] paracyclophane-*f(3)-one mixture* 
This ketonic mixture could then be reduced by the V/olff-Kishner 
technique to the [9] paracyclophane in, it was hoped, a high overall 
yield* By comparison, the Clemmensen reduction of the crude acyloin 
product (132) gave a mixture containing the two paracyclophane 
ketones plus the paracyclophane itself* Surprisingly, the hydriodic 
acid reduction gave exclusively the 3-keto [9] paracyclophane (133) in'■ 
about A6% yield* This was confirmed by comparison of its N.M.P* 
spectrum and melting point with the literature^*^ The 3-keto[9]para­
cyclophane (133) was then reduced by the Wolff-Kishner method to 
the [9] paracyclophane in yield. This compound. (13*0 was 
characterised by comparison of its spectral and physical properties • 
with the known [9] paracyclophane.
Condensation Reactions of 2~Hydroxycyclohexadecanone
Prior to -the use of dimethyl sebacate for the acyloin 
cyclisation procedure, an examination was being made of possible 
dicarboxylic acid diesters which could be used as starting materials 
for this work. -However, only one, a diester (1*f1), was actually' 
prepared and this was obtained by the two procedures shown as 
follows.
(a) From Sebacic acid
The preparation of the hexadecanedioic acid (140) was 
essentially the procedure of Hunig and Lucke1"5? The overall yield
of the acid (140) based on sebacic acid was 24%. The reaction scheme 
is shown as follows:-
H02C(CH2)gC02H
0
MeOH CH^02C(CH2)gC02H
(133)
0
Reflux v  :--
£-TsOH/ ’ 
Benzene
-^i4-CH^02C(CH2)gC0ai 
' (136)
(i) TEA/CHC1
3
(ii) H+/H2P
•Y
(137)
Na02C(CH2)gC0(CH2)5C02Na NaOH
(139)
EtOH
(i) NH2NH2.H20
(ii) H+/H20
CH^02C(CH2)gC0
(138)
0
H02C(CH2)iI}C02H >- CH302C(CH2)lZfC02CH3
(140) (141)
(b) From Undecylenic, acid
This represents a modified approach to the procedure of 
1
Hunig and Lucke. However, the yield of dicarboxylic acid (140), 
13% was not nearly so good as the previous method and the compound 
was a lot less pure. The reaction scheme by which the acid was 
obtained is shown on the next page. "
C H ^ = C H ( C H J q C 0 oH 2 2 o 2
S0C1.
N'
(137)
-K C H 2 =CH(CH2 )8C0C1 +
(142)
(i) TEA/CHCl-j.
(ii) H+/H20
(i) NaOII
C H 0=CH(CH0 )q C 0 ( C H o )r-CO^H <---- —  0 H o=CH( C H o )QCO 0
2 2 8 2 5 2 (ii) hV  2
( 1 W  H2°
KHnO^
Dry acetone
. NHpNHp. HpO M e O H / H +
H02C(CH2 )8C0(CH2 )rC 0 2 H — =— H02C ( C H 2 )li+C 0 2 H ----------- 0 4 1 )
(143) (140)
Although the overall yields are reasonable, the synthetic routes 
to these dicarboxylie acids tend to be somewhat long and tedious*
The dimethyl diester (141) was obtained from the acid (140) by the 
usual esterification procedure* t.
It was of interest to see if this long-chain diester could be
cyclised by the acyloin method in the Vibro-stirrer apparatus (Fig 3)«
Under the reaction conditions which had been optimised for dimethyl
sebacate, a 60% crude yield of the mixed acyloin product* 2-hydroxy-
cyclohexadecanone (146) and cyclohexadecane~1,2~dione (147) was •
75obtained* This yield was somewhat lower than the literature , 
where a 81% yield was obtained, but could perhaps be explained on- 
the ba.sis that a higher temperature solvent was employed in this work
(14.1) a w (147)
whereas the Prelog conditions called for a reaction temperature” of
110°. A repeeit acyloin cyclisation gave no further improvement -in
yield and lack of material prevented further investigations being
carried out. That the cyclic acyloin (146) had been obtained was
75indicated by the melting point and was confirmed by the N.M.E. and
I.E. spectra. r •
. As no further use was being made of this cyclic acyloin it
was of interest to examine the reactivity of this compound in
comparison with the known condensation reactions of acyclic a -hydroxy-
ketones. The pure acyloin (146) was treated with (i) urea, (ii)
thiourea, (iii) phenylthiourea, (iv) aminoguanidine bicarbonate and
(v) formamide. The results and reaction conditions employed are
shown on the next page.
The reaction of (146) with urea in refluxing glacial acetic
acid gave a bicyclic imidazolone to which the structure (l48),with
the double bond in the macrocyclic ring, was assigned. This was
confirmed by the appearance of a symmetrical pattern in the aliphatic
region of the N.M.E. spectrum, v/hile two D^O exchangeable protons
were observed at low-field. In contrast, the alternative structure
(149) should only have one exchangeable proton and be expected to
exhibit a more complex N.M.E. spectrum. Structure (148) was also
119consistent with the imidazolones prepared by Biltz .
The reaction of formamide with (146) was carried out under
NH2C0NH2^ g l a c i a l  (1^8) 
/^acetic acid
l-n NHoCHO
(CH2>H
'V with excess 
^  —  V  (CH2)1if
product, 
(ii) Phenylthiourea:
no reaction.
nh2cho
NH.C=NH
NH.
(i) Thiourea: no definite
(152)
(151)
-]20the same conditions as were employed by Wasserraann et al#, for
the preparation of the oxazoles of the smaller ring hydroxyketones.
The bicyclic oxazole (150) was obtained in low yield together itfith
a large amount of polymeric material. When repeated with a large
excess of formamide the bicyclic imidazole (151) was the major product
with a smaller amount of the oxazole (150). Conversion of the
oxazole to the imidazole was easily possible in the presence of 
121excess formamide.
A compound was obtained when the acyloin product (1^ -6) was 
heated under reflux in glacial acetic acid with aminoguanidine 
bicarbonate. Its mass spectrum showed a molecular ion at 292 
consistent 'with the formation ofpossible condensation product
to which the structure (152) has been tentatively assigned by- 
analogy with the urea condensation product (1^8)* The very low 
yield of (152)" has prevented further investigations being carried 
out*
No definite product was isolated from the reaction between 
(lk6) and thiourea, and there was no reaction at all with phenyl- 
thiourea under the conditions tried. Lack of cyclic acyloin has 
prevented these condensations being, repeated under different reaction
conditions. That acyloins should react with thioureas has been
u 122 123 shown by the work of Anschutz and others .
Hydriodic acid Reductions
Reduction of the crude acyloin mixture from the cyclisation
’ 12hof the diester (ibl) by the method of Reusch and LeMahieu with
55% hydriodic acid in refluxing glacial acetic acid gave cyclo- 
hexadecanone, characterised as its crystalline semicarbazone. This 
reduction procedure is. particularly useful in that both the 
•a -hydroxyketone and the a~diketdne are converted to the same 
product, the cyclic monoketone* In the reduction of the crude 
acyloin mixture from the cyclisation of dimethyl sebacate, cyclo­
decanone was obtained as the sole product in 81% yield*
acetic acid
Crude Sebacoin mixture
The really important advantage of this method is that only • 
the cyclic ketone is obtained^ whereas the usual Clemmensen reduction
125
of the oc~hydroxyketone to the.cyclic ketone invariably gives also 
some of the cyclic hydrocarbon*, In addition, there is no need to 
isolate the a -hydroXyketone, as is required for the Clemmensen 
procedure, and thus the crude acyloin reaction product can be 
reduced directly by hydriodic acid*
1,^-Bridged Pyridinium Salt
Some time was spent oh the synthesis of aabridged quaternary 
pyridinophane of the type (153) but without success* However, at 
least one attempt was made to induce an intramolecular quaternisation 
reaction on ^-(12-chlorododecyl)pyridine (15*0 in refluxing 1-methyl- 
naphthalene.
X
(153)
The principle of high dilution was employed so as to favour the 
intramolecular over the intermolecular quaternisation reaction* 
Unfortunately, only what appeared to be a quaternary.-polymer was 
isolated from the tarry, crude reaction mixture.
CH^
NaNH2/liq.NH^
Br(.CH2)11Cl
->*•
CH2(CH2)10CH2C1
s .
(15^)
Slow addition 
high dilution 
2'+0°
Quaternary
polymer
The greater part of the work.towards, a bridged pyridiniurn salt
v/as spent on an investigation of the reactivity of pyridinium
126
nenol-betainesu with alkyl halides • The purpose of this v/as 
to bring about an intramolecular cycli'sation of a long-chain halide 
in the y -position of the pyridine ring onto the "enol-betaineu 
function; the idea is shov/n in the follov/ing scheme:-
CH2<CH2)11Br
PhCOCH^Br
Ca(OH)
Br l +CHCOPh
(155)
80% aq.EtOH 
high 
dilution
(CEL)
tt 126
The method, of Krohnke was repeated using various alkyl halides 
to gain experience before applying the procedure to the compound (155) 
The generation of the "enol-betaine1 from phenacylpyridinium bromide
(156) and its reaction with alkyl halides is shovm as follows:-
+ " \  Ph-C-CH0N ^ 
" 2 \
0 \ =
Br""
(156)
excess
Ca(OH). Ph-CO-CH-E
80% aq.EtOH \=
nenol-betainen
(157)
\t
RBr
PhCO^H +
(ii) Br
CH.
Ph-CO-CEI-N
Isolated as the perbromide salt
It was found, however, in a series of trial experiments 
using benzyl bromide, n-butyl bromide, n-butyl chloride and allyl 
bromide, that only the more reactive halides such as benzyl and 
allyl bromides reacted with the Menol-betainen (157)« This species 
is probably too weak a nucleophilic anion to bring abouttdisplacement 
of the bromide ion in long-chain alkyl halides. In the case of the 
benzyl and allyl bromides the loss of bromide ion is a favoured 
process, because of resonance stabilisation of the intermediate 
carbonium ion, and therefore assists nucleophilic attack by:the' 
"enol-betaine".
SECTION 4
[?] (2,5)Pyridinophane
The [7] (2s5)pyridinophane represents the shortest known 
para-bridged aromatic system so far prepared. This compound was 
found to have interesting spectroscopic properties which will now 
be discussed in detail.
Table 5 shows the U.Vo spectral characteristics of the 
known £n]paracyclophanes together with the values predicted for 
the - [7] paracyclophane by Allinger and co-workers1. In their paper
Table 5
Observed U.V. maxima (nra) of the [n] paracyclophanes
Compound ^max.^°sS ^
£-Diethylbenzene 193 (**■)' 193(^ ) 21^ (5') 265(2)
(Model)
[12] - - 220(3) 267(2)
[10] - 223(3) 268(2)
[9] - 198(4-)' 22^(3) 271(2)
• ‘ [8] 200(4) 205(4) 230(3) 273(2)
[7] (predicted) 196(^ 4-) 210(4) 247(3) . 288(2)
they calculated the absorption maxima for different values of 
distortion of the benzene ring in the [n] paracyclophanes as shown 
in Fig 8. Where 0 , is the angle between the basal plane and the
Fig 8
plane through the aromatic anchor carbon and its two adjacent 
carbons. The calculated spectra are shown in Table 6.
■ ' Table 6
Calculated U.Vo maxima (nm) for varying deformations in the
n paracyclophanes
0° 152 193(5) . 193(5) 212(4) 264(2)
15° 15? ; 195(5) 198(5) 221(4) \ 273(2)
22.5° .164 196(5) 205(5) 233(4). 283(2)
vn 0
0 17 5 • 196(5) 215(5) 254(4) 297(2)
Distortion of the benzene ring into a boat shape has been
observed in other similar systems, such as in [2. 2J paracyclophane,
127 128from X-ray crystallographic studies 11 . .When compared with •
the observed spectra (table 5) they deduced that the model compound 
£-diethylbenzene had an angle 9 of 0°; £12] "and jjIcQparacyclophanes 
had an angle Q of approximately 5°; in [9] paracyclophane, angle Q 
is about 15°* while for [8] paracyclophane the angle 6 approaches 
20°© The predicted"£7] paracyclophane should have an angle 6 of 
approximately 25°.
It is of interest to compare the observed U.V. spectra of the 
[njparacyclophanes (table 5). with those of the [nj(2,5)pyridinophanes 
(shown in table 7)* As can be seen there is a corresponding shift 
to longer wavelength of the absorption bands in the [n]pyridinophane 
series.
The shift in the absorption bands to longer wavelength has •
Table ?
Observed U.Ve maxima (nm) of thefnj(2,5)pyridinophanes
”X ( F )Compound A max.
■  | : ; :    — :---1
[12] 213(6600) 270(3400)
[11] 213(6700) 270(3200)
[10] 216(6800) 271(3^00)
[9] 218(6200)(6800)* 273(3000)(3270)*;. 279.5
[8] 223(6200) . 278(3100)
[7] 230.5*(6240)*;' 284*5* (3320) *
* Refer to absorption and extinction values determined in this thesis
3All other values are due to Gerlach and Huber .
Refer to a shoulder inflexion observed for [9] (2,5)pyridinophane
prepared in this,thesis.
All spectra were determined in 96% ethanol.
129been explained by Ingraham . as being a result of the bonding 
orbital in the bent aromatic ring having less bonding character 
and thus higher energy; while the anti-bonding orbital has less anti­
bonding character and lower energy. The change in orbital character 
means that less energy is required for electron excitation and hence 
the main band shifts to longer wavelength.
It is reasonable to. conclude therefore, that a similar buckling 
of the pyridine ring towards a boat shape is taking place in the 
pyridinophane series. The shorter the methylene bridge the greater 
the deformation of the ring with concomitant bathochromic shift in 
the U.V* spectra of these compounds. There is reasonably close 
correlation of the predicted absorption at 288 nm for [7] paracyclo­
phane with that observed for the [7] (2,5)pyridinophane at 284.5 
The exact nature of the deformations in the seven-bridged system 
can only best be solved by an X-ray crystallographic study. Perhaps
the hydrogen bromide salt would be a suitable compound for such 
a study, • -
The NeM.R, spectrum of [7] (2,3)pyridinophane is. shown, on page 10?, 
The very high degree of shielding of the proton responsible for the 
multiplet centred at t 11,35 must be due to the very close approach 
of the central methylene group into the face of the pyridine ring*
A Dreiding stereo-model* shown in Fig 9» indicated hoxv closely one 
proton, , of the central methylene group v/as situated to the: ring* 
The symmetry of the bridging group places the central methylene proton
1Z
10
Fig 9
in a plane which'passes normally through the centre of the ring and 
which bisects the pyridine ring side 9-10, Unfortunately, with the 
Dreiding models', no accurate:-measure can be obtained of the expected 
distortion of the pyridine ring and bending of the C-G bond angles 
in this highly strained compound. Therefore, there is a greater than 
usual error in measuring the interatomic distances and thus the values 
shown in table 8 are only approximate. These values are the inter­
atomic distances for the conformation of the [7] (2,5)pyridinophane 
shown in Fig 9* •
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Table 8
2
12
10
C Distance A
2 11 2*3 ± 0.1
3 11 2.4- £ 0o1
3 10 (N) 3.2 * 0.1
4- 10 (N) 2.6 ± 0.1
The. H aproton was found to be 1.2 £ 0*1. A above the plane of
, o
the ring described by atoms 9?10,12 and 13 , and 0.4- £ 0.1 A from 
the perpendicular line through the ring centre. These give the 
and p  coordinates respectively which were defined in Section 2.
The distances were converted to ring radii(r.r.) values, which are
, o
measured in units of the C-C aromatic bond length taken as 1#39 As-
o
A r.r.
1.2 £ 0.1 0.86 ± 0.09
-p 0.4- £ 0.1 0.29 £ 0.09
The shielding- values A  (J taken .from the- Haigh-Mallion tables 
and Bovey-Johnson diagram (Section 2, fig 2) corresponding to these 
ring-radii values are compared in table 9*
Table 9
H:-M (<£ = 30°) B-J
. 3*33 * 0.20 4-.00
T CH2 8'73 i °*°3
'T ' 12.06 t 0.23 12.73
T obs. 11.33
The shielding value A CT from the ring current contribution
130is added to the chemical shift ^n-a f°r methylene groups
0M2
of a long chain aliphatic hydrocarbon. It can be seen.that within 
the error permitted by the molecular model, the Haigh-Mallion value 
is much closer to the observed shift than the Bovey-Johnson value. 
The Bovey-Johnson theory in this case considerably overestimates 
the shielding.
The N.M.R. spectrum showed that the signal from the most 
highly shielded proton was a complex multiplet. If the bridging 
group had been rigid then a simpler signal would have been expected
37
similar to that observed for the rigid 13-bromo[7] metacyclophane 
(336), where the high field proton (H^ ) at T 11.86 appeared as a 
broad seven-peak pattern. Hence it is concluded that the bridging
(138)
group has some degree of mobility, i.e. the conformation shown in 
fig 9 is not quite rigid.
The next group of. peaks in the spectrum of the [7] (2,3)py^idino* 
phane appear between ca. t 9®30 and 10.23 and have an intensity 
approaching that of one proton. It is reasonable to assume that 
this is the signal, from the H  ^proton. Although positioned 
further away from the ring it is still in the shielding zone. The 
calculated ^ position from the two theories are shown in table 10.
Table 10
2.0 ± 0.09 
0.86 ± 0.09
r.r.
H-M \<f> = 30°) 
A  cT 0.^-9 i  0.02
tCH2 S.73 '* 0.03
B-J 
1.60 ± 0.08 
8.73 * 0.03
10.33 t 0.11-
T obs. 9.30 to 10.23, ca. 9.83
Neither theory seems to provide close correlation with the
approximate chemical shift ca. t 9*83 of the proton. If anything.
the Bovey-Johnson value gives a better fit in this instance. If a
more distorted pyridine ring is assumed, then this places the Hp
proton further away from the ring. This increased distance gives
a lower shift on both theories but that derived from the Bovey-
Johnson theory is closer to the observed value. - .
Because the bridging system is so short it is possible to make
approximations as regards the chemical shifts of the remaining
methylene groups. The protons H and H-\ (fig 9) adjacent to 
- Y a
the central methylene group are also positioned close to the plane
of the pyridine ring. However, they are not in the greatest shielding
zone as can be saen from the calculated values for the two theories
shown in table 11. The group of peaks between ca, T 8.8 and ca. 9®
are most probably due to the signals from the four methylene protons
H^, Hg , H^ -and Hp (symmetry of the bridging group places
H .= and H g = ) with the H ^  protons being shielded
the most, as they are closer to the pyridine ring. The H and H y
Y /v
protons (Table 11) are predicted by the Haigh-Mallion theory to
Table 11
o
A r. r.
2  1.75 i 0.1 1.26 ± 0.09
p 1.90 i 0.1 1.37 i 0.09
9.18 i 0.07'
. " H-M (<f>. =13)
A c r  0.^-3 to.ok.
8.73 - 0.03
9.73 t 0.13
B-J 
1.00 ± 0.10
8.73 i 0.03
T ca. 8*8 to ca. 9<»3
appear at T 9.18 which' is within the observed resonance range.
The Bovey-Johnson theory predicts a slightly higher value at q; 9*73' 
The peaks between T 8.10 and ca. 8.8 can be assigned to the 
and Cg methylene groups '(fig .9)’as these are within the deshield­
ing zone of the pyridine ring. The group of peaks between t 6*93 
and 7*70 are readily assigned.to the and methylene protons.
The non-equivalence of these methylene protons indicates that the 
seven-membered bridge structure does not rotate about the pyridine 
ring. The [V] (2,3)pyridinophane should therefore be a DL-compound 
and thus resolvable by an optically active acid in the same manner 
as [9] (2,3pyridinophane^. The two enantiomers of [7] (2*3)pyridino­
phane are shown as follows:- A
The aromatic region contains the usual group of peaks associated 
with a 2,5~disubstituted pyridine ring. There is also very little 
change in the chemical shifts of the aromatic protons on moving 
from the [9] to the [7] (2,5)pyridinophane. Thus as far as can be 
deduced from the N.M.R. spectrum there appears to be no change in 
the nature of the pyridine ring between the seven and nine membered 
bridge systems, i.e. the pattern and position of the aromatic protons 
in these compounds are very close to those in a non-bridged 2,5- 
disubstituted pyridine. Alternatively, however, the TJ.V* data (see 
earlier) does sho\7 that the ring is being bent towards a boat-shape, 
from.which- it may perhaps be inferred that the aromaticity of the 
pyridine ring is largely unaffected by distortion of this kind.
A comparison of the spectra of identical molar solutions of the 
two pyridinophanes (table 12) does show one unusual feature.
Table 12 '
[7] [9]
i— —  —  j (Hz)‘ ■ t ~ J (Ha')1
a-H (d) 1.73 1.9 1.7V  2.1
P-H (d) 5.01 7.3 3.08 7.7
Y-H (dd) 2.69 1.9 and 7.8 2.7*!- 2C1 and 7.7
Both 0.12 mMolar solutions in carbon tetrachloride 
d, doublet; dd, double doublet.
The chemical shifts of the pyridine ring protons are closer 
together in the [7] pyridinophane than in the [9] pyridinophane. • This 
observation cannot readily be explained in terms of different 
aromaticities for the two systems because, for example, a reduction 
in the aromaticity of the [7] pyridinophane over that of the [9] pyrid-
inophane should surely result in the signals from all of the aromatic
protons being shifted: upfield. The observed shifts may possibly
be due to changes in local electron density arising from distortion
of the aromatic ring in the. [7] (2,5)pyridinophane*
The interatomic distances measured from the molecular model'
cannot be relied upon for complete'"accuracy because the exact
distortion of the molecule is not represented by the Dreiding model*
Whereas X-ray measurements may provide data for the conformation
of the pyridine ring in the [7] (2,3)pyrdinophane, the conformation
of the bridging group cannot be obtained by this method because this
system is not rigid enough* However, it may be possible to estimate.
the conformation of the bridging group by an empirical valence force-
131 •field calculation, by the method of R, H. Boyd . This 1 energy- 
minimisation1 calculation may enable an estimate of the conformation 
of the bridging group and hence the position of the methylene protons 
to be obtained. This would lead to v. more accurate interatomic 
distances and,therefore, more reliable estimates of the shielding 
values for the two theories,
[7] and [9] (2,5)Pyridinophane methiodides
The spectra of these two compounds are shown on pages 11**, 115« 
In the spectrum of the [9] pyridinophane methiodide there is a signal' 
centred at t10.7^ from a highly shielded proton which does not 
appear in the spectrum of the free base. The latter, shown on 
page 123 , shows no absorption above .% 10*3® -So there is a shift of 
at least 0,7^ p.p.m. for one proton. Possibly, crowding of the 
bridging group by the N-methyl substituent forces the former into 
a.conformation which places one of the central methylene protons 
into a more highly shielded region above the pyridine ring.
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Similarly, the most highly shielded proton of the [7] (2,5)~ 
pyridinophane is also ’-shifted upfield on quaternisation, but the 
shift, from T 11.35 to ' t 11.79, is less than that observed for 
the [9] (2,f>)pyridinophane methiodide. This difference between the 
two systems may be due to the difference in the rigidity of the . 
seven and nine bridged systems. The seven-bridged pyridinophane 
can less .easily accommodate the methyl group because the greater 
rigidity of this bridging system reduces its ability to take up: a 
conformation which will relieve the interaction between itself and 
the methyl group. Therefore, the amount by which the bridging 
methylene group is moved from its position in the free base and into 
a relatively more shielded region is correspondingly’less than in the 
[9](2,5)pyridinophane methiodide. It is, of course, assumed that 
quaternisation does not markedly alter the aromaticity of the 
pyridine ring in both these compounds.
That the observed high-field shift on quaternisation of
the 'pyridine ring was due to the introduction of the N~methyl group
was supported by the spectrum of [9] (2,5)pyridinophane hydrochloride,,
shown on page 117* It v/as reasoned that a proton in place of a
methyl group should not produce any steric interaction with the
bridging group and, in fact, no shielding v/as observed above t 10.1.
The only other change has been the replacement of the I-* anion with
Cl . If the high field shift in the iodide had been::due to the anion,
then because Cl” is smaller than I~ ( Cl", ionic radius 1.81 A;
o
I , ionic radius 2.20 A ) there should have been an even higher
• / • ’ 
field shift in the hydrochloride. The absence of such an effect
supports the conclusion already drawn and indicates that very tight
ion pairing is not occurring. The preparation of the hydriodic acid
salt should clarify this point.
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That some ion-pair association nevertheless occurs in solution
between a protonated pyridinium cation and the anion has been
132observed by Kotowycz and co-workers . However, the exact position 
of the anion in relation to the cation in these pyridinophane salts 
is not known for certain.
A final confirmation that the anion was not causing a separate 
shielding effect (due to long-range electrostatic shielding) was. 
clarified by the preparation of an N-methyl methosulphate salt (139) 
of [9] (2,3)pyridinophane. by treatment of the free base with 
dimethyl sulphate. This compound, however, v/as extremely difficult 
to isolate in a crystalline form. However, sufficient was obtained 
to permit the N.M.jR. spectrum to be run. This is shown on page 119 
and it can be seen that changing the anion produces only a. very 
slight change in the shielding. Indeed, these slight differences 
can readily be ascribed to the use of a small amount of Dg-DMSO 
in the CDCl^ to help dissolve the compound.
1 proton 
centred
T 10.7^
in CDC1. SO, CH.
1 proton 
centred
T 10.77
in Dg-DMSO/CDCl^
(139)
In summary, the high-field shift of a central methylene group 
proton on quaternisation of the [9] and [7](2,3)pyridinophanes can 
be ascribed to changes in the conformation of the bridging group 
caused by steric. interaction with the N-methyl group.
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The great complexity of the remainder of the absorption by the 
bridging methylene groups in the spectra of the [9] (2,5)pyridinophane 
methiodide and methosulphate salts is also, presumably, a result of 
the steric interaction with the N-methyl group, ;for in the correspond­
ing protonated [9] pyridinophane (page 117 ) the pattern of the peaks 
in this region is very similar to that of the free base (page 125 )• ' 
The remaining peaks and assignments in the spectra of these 
quaternary salts appear 'in'Table 13*
Table 13 (3
[9] (2,3)Pyridinophane salts + a
. /  : ■ R
Methyl Iodide (E = CH_) Dimethyl sulphate (E = CH^)
. 0 (Hz) V -  J (Hz)I — . “
• C ^SO^ 0.59(s)
a-H 0.^5 a - H 0.93
wiCO. 1.93(d) 8„ 6 P ~H 2.10(d)
Y -:H 1.62 Y -H 1.70
C H ZN +p . . . .
5.'50(a) - C H_N+3
5.53(s)
Hydrochloride (R - H)
T £ (Hz)
a - H 1e ^ 5(d) 1«9
P-H 2.30(d) 8.2
Y  -H 1o8 f^(dd) 1.9 and 8.2
'+
N H ca. 0.6(vbs)
All spectra measured in CDC1V, except for the dimethyl su3.phate
 ^which v/as run in Dg-DMSO/GDCl^,.
d - doublet; dd - double doublet; s - singlet; vbs - very broad signal.
Coupling constants were not assigned in some cases because of the 
poor resolution of the relevant peaks.
The most extraordinary feature of the methosulphate salt 
spectrum v/as the appearance of a sharp singlet, integrating for 3 
protons, at T 0.59* This can only be ascribed to the methyl 
group of the methosulphate anion. As ion-pair association occurs 
in solution, the anion must be in reasonably close proximity to the 
quaternised nitrogen and, in addition, it must be positioned so that 
it is as far into the paramagnetic shielding region of the pyridine 
ring as possible. That the system v/as in some sort of ion-pair 
association was readily confirmed by a variable temperature N.M.R. 
study, the results of which are shown in Table 1*f.
Movement of the signal arising from the methyl group of the 
anion occurs towards higher field as the temperature is raised.
The methyl group in question is obviously moving away from the 
extreme deshielding influence. There is no appreciable change 
in the position of the peaks in the rest of the spectrum: thus the 
signal from the quaternary methyl group remains stationary, as shown.
One other unusual feature in the spectra of the quaternised 
salts can be seen from an examination of the t 7 region. In the 
[9] (2,5)pyridinophane methiodide three of the methylene group protons 
adjacent to the pyridine ring resonate in the region t 6.15 to 7*>30. 
However, in the spectrum of [7] (2,5)pyridinophane methiodide all four
Table 1^+
Temperature °C (anion) (cation)
ko
60
80
1 „V i ‘ • 
1.70 . 
1.98
5«33
5-53
5-5^
of the methylene protons adjacent to the ring give signals spread 
over the range t -6;10 to 7°5^i and in the [9] (2,5)pyridinophane 
hydrochloride over the range T 6.20 to 7®3^ -» It would appear, 
therefore, that one of the methylene protons nearest to the pyridine 
ring in the N-methyl quaternary salt of the £9] (2,5)pyridinophane is 
appreciably more shielded than in the free base. It is most likely 
to be a proton of the methylene group at position 5 on the pyridine . 
ring, because the protons of the methylene group in the 2-position 
are considerably deshielded by the quaternised nitrogen. The 
conformational change in the bridging system brought about by 
quaternisation of the nitrogen v/ith a methyl group is probably 
responsible for the effect being observed here, The conformation 
taken up by the nine-membered bridged system places one of the 
methylene protons at .position 5 into a less deshielded region of 
space than the same proton in the free base. This effect is observed 
to a'very much lesser extent in the [7](2,5)pyridinophane methiodide 
because the more rigid bridging system in this compound is not 
distorted far from its position in the free base; and not at all in 
the [9](2,5)pyridinophane hydrochloride where no change in the bridge 
conformation is expected.
The shift of the methylene group protons at position 5 from 
ca. % 7*7 in the free base to ca. T 7-3 in the hydrochloride shows 
clearly the deshielding effect of quaternisation.
In the spectrum of [9] (2,5)pyridinophane hydrochloride (page 11? ) 
the series of.peaks centred at T 6.38 v/as assigned to one proton of 
the methylene group in the 2-position of the pyridine ring. The 
other proton of this group is apparently shielded so that its signal 
appears with those of the remaining methylene protons centred ca. T 7“2*. 
These peaks may possibly arise from the very close positioning of two' .
triplets caused by coupling with the other methylene proton and 
the two adjacent methylene group protons as shown in Fig 10.
Fig 10
t 6*38
-AB '
-AX~ 
—AX~7-
Calculated first-order pattern of 
two triplets for proton at 
, T 6.38
Coupling constants derived from the spectrum assuming first-order 
approximation:-
— 12. 3®*P*a# J . yj. ~ 6 C«p»S.. —AB —AX
[9 (2f3)Pyridinophane and 9 Paracyclophane: A comparison of
Aromaticities
The spectra of both these compounds are shown on pages 12^ f 
and 123. The chemical shifts of the bridging methylene groups 
(except the two groups adjacent to the aromatic ring in each case) 
in the [9]paracyclophane cover the range x 8.38 to 10.12. Those 
for the [9]pyridinophane lie between t  8.10 and 10.3j which is 
slightly lower to marginally higher than the range for the [9] para­
cyclophane. The shift to lower field in the [9] pyridinophane can 
be explained as being due to the inductive effect of the pyridine' 
ring nitrogen acting on the protons of the methylene group C^ (fig 9) 
causing them to resonate downfield from their position in [9] para­
cyclophane.
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A comparison of the high field region of the two spectra would 
seem to indicate that the ring current effect in pyridine was
slightly greater than that in benzene. It is assumed that the
conformation of the bridging group in both these compounds is 
identical. This is reasonable in view of the close similarity in
133 ■ •
geometry between the benzene and pyridine rings. But for the purpose, 
of comparing accurately the aromaticities of the two rings it is 
important to have a proton with a chemical shift readily separated 
from that of its neighbours. Unfortunately, the central methylene 
group proton in the tv/o systems cannot be distinguished from the 
bulk of the remaining bridging protons as was hoped for originally
(see Section 2). However, it was found that by running a low
tempearture N.M.R. study one proton of the bridging methylene group 
was shifted to a higher field position relative to the other protons. 
The results of this study are shown on page 127 • When, however, 
the [9]paracyclophane was similarly examined at low temperature no 
marked upfield shift was noticed. This was unexpected in view of 
the similarities of the two systems. It had seemed that the conform­
ational changes in the bridging group (leading to the shift in the 
resonance of the central methylene proton) would be the same for both 
compounds* Therefore, it irmst be concluded that some other shielding 
effect is operating over and above that of the ring current since the 
aromaticity, and hence ring current, of pyridine was expected to be 
about the same as that of benzene. It is possible that the nitrogen 
atom in the pyridine ring may be responsible for this additional 
shielding effect. Thus the magnetic anisotropy of the nitrogen lone
pair electrons may cause shielding above the plane of the ring 
/ 13A(there is evidence for a deshielding influence in the plane of
100
[9](2,5)Pyridinophane
A TMS
A
100
[9] Paracyclophane
Both spectra were determined in CFCl^ at approximately 2Xf/o cone.
the ring from this anisotropy). In .'addition, the permanent electric
dipole of the pyridine ring may possibly be responsible for some sort
of long-range electrostatic shielding. Certainly, electrostatic
135shielding effects have been observed to contribute markedly to 
the shielding of protonsc The magnitude ofthese shielding effects 
may be estimated possibly by application of the methods given in 
references 13*f and 135• However, for calculations to be carried out 
it is necessary to know the interatomic distances between the 
pyridine ring and the bridging group in the [9] pyridinophane. Any 
calculations will also be further complicated by the fact that the 
bridging group can take up two possible conformations (I) and (II) 
with respect to the pyridine ring:-
(I) (II)
From the low temperature study it was apparent that the bridging 
system must be fixed into one of the two conformations since only one of 
the central protons was being shielded. If the bridging group was under­
going rapid internal rotation through the loop of. the ring, as it is at
13room temperature in the manner observed for the trans double bond 
in trans-[s] paracycIophan-A-ene (6), then a time-averaged signal
integrating to two protons (the central methylene group protons) 
would surely result.
The problem of comparing the aromaticity of pyridine with 
that of benzene may-be clarified by comparison of the spectrum of 
[7] (2,5)pyridinophane with that of ^Jp&reicyclophaneo A possible 
synthesis of this compound is suggested in Section ’
SECTION
Speculative methods for.the synthesis of [7] paracyclophane and
.bridged heteroaromatic compounds
Introduction
The ideas presented in this Section are unsubstantiated by . 
any experimental work. They represent, in most cases, extension 
of known .reactions applied to the synthesis of bridged systems.
It would be desirable to have a general synthetic method whereby a 
variety of bridged heteroaromatic compounds could be obtained. .
[7] Paracyclophane (160)
The preparation of this compound may be possible by a 
development of the route used to obtain the [nj (2,5)py3ridinophanes 
described in this thesis. The suggested synthetic route is shown as 
follows:-
(CV.10
° H 0(CHg)2 0H . <
£-TsOH
Pyridine.HBr.Br
Br
.0
CN
CHOCN
NaOH
CHO
(161)."'■Wolff--
Kishner,
CHBr
K t-BuO HBr
Br Br
Br
Dehydro­
genation(i)n-BuLi
Br
(160)
The preparation of a compound similar to (161) has been
'38described by Wasserman e.t al. The base catalysed intramolecxxlar 
cyclisation of (161) should take place, as this type of reaction 
with |3 -ketoaldehydes has been investigated in this thesis« A 
dehydrogenation reaction is suggested as a final step to affect 
aromatisation, which, in the case of [7] (2,5)pyridinophane was shown 
to proceed satisfactorily,.
2,3-Bridged Pyrazines (163)
3
The method of Gerlach and Huber could possibly be applied
to the preparation of the 2,3-bridged pyrazines. The coupling
• 136of oC -bromolcetones in the presence of ammonia is known to yield
255-disubstituted pyrazines. If a long-chain bis oi -bromoketone
of the type (162) can be prepared then this may possibly undergo
intramolecular cyclisation under the conditions employed in reference 3<
BrCHoC0(CHJ COCH-Br 2 2 n 2
(162)
2S ^ -Bridged Pyridazine (164.)
NH-,
3
High dilution
(163)
It may be possible to prepare a bridged [8] (2y5)py^idazinophane 
(164) via cyclododecane~1,4-dione as'shown in the following scheme:-
0V >
(163)
N=N
Br2/MeOH
•<-
NH2NH2
Compound (165) has been synthesised18
(164)
0 0
Bridged Heteroaromatic rings by Diels-Alder reaction
Weisner and co-workers have shown that bridged aromatic
72compounds can be prepared by a Diels-Alder reaction on the
appropriate diene. However* they could not prepare the shorter 8-
and 9-'bridged systems by this method. An explanation for this may
be that the conformation of the macrocyclic ring from downwards
is such that the diene system is prevented from adopting the necessary
coplanar cisoid configuration for diene addition to occur. This
problem may be overcome by fixing the diene system into a rigid
planar cisoid form as in (166) and■ (167)* Using dienes of. this kind
it may be possible to synthesise several bridged heteroaromatics.
Substituted cyclopentadienones and furans have been found to undergo
137Diels-Alder reactions readily . Some of the bridged compounds 
that might be prepared are shown in the following scheme.:-*
(166)
-CO
-CO.
Hydrolysis 
Vand oxidation
+ CO
SECTION 6
U.V. spectra were recorded on a .Unicam S.P. 800 spectrometer.
All spectra .were measured in 96% ethanol* abbreviated to EtOH in the 
text.,; in 1 cm silica cells. ...
Infra-red spectra were recorded on a Unicam S.P. 200 spectro­
meter* Solution I.E. spectra were determined on a Grubb-Parsons 
Spectromaster.
N.M.R. spectra were' recorded on a Perkin-Elmer R 10 spectrometer. 
The tau .(T) scale, where tetramethylsilane is assigned a value of 10, 
is used throughout. All the N.M.E. spectra were recorded for 
solutions in carbon tetrachloride unless otherwise indicated,,
Those marked t * refer to spectra determined in deuterochloroforra.
In the I.E. and N.M.R. spectral assignments, the following 
abbreviations are used:
s - singlet., d - doublet, dd .« double doublet, t - triplet,
ra - multiplet, br -broad, sh - shoulder, br.t -broad triplet, 
br.s - broad singlet, br.d - broad doublet, q - quartet, v.br.s - 
very broad singlet, = c^ ia^ n of-methylene .groups -containing
all such groups not otherwise assigned, Ar -aromatic ring.
All melting points were determined on a Gallenkamp melting 
point apparatus and are uncorrected*
. The term ndry diethyl ’ether”, refers to sodiura-dried diethyl 
ether.. ;Dry dimethylformamide was obtained by allowing it to stand 
over .followed-'-by distillation under nitrogen under water-pump
vacuum, b®p* mm. Acetone was dried over Linde molecular
sieve (kA) and redistilled before use* Xylene was dried by refluxing 
over sodium followed by distillation, b.p.
Extensive use was made throughout the experimental work of. 
the technique of thin layer chromatography (TLC). The absorbent . 
was usually silica gel, and the chromatograms were eluted either with 
benzene, 10% methanol in benzene,'or 10% methanol in chloroform*.
The chromatograms were developed in an iodine vapour tank.
Mass spectra were recorded on an A.E.I. MS 12 mass spectrometer.
The Vibro-stirrer was manufactured by: Chemap AG, Alte Landstr.
» 8708 Mannedorf, ZH Schweiz., and supplied by: Shandon 
Southern Instruments, Frimley Poad, Camberley, Surrey.
Sebacoin or 2-hydroxycyclodecanone (60)
A fine dispersion ox sodium was prepared under nitrogen,using 
the Vibro-stirrer?from clean, crust-free sodium (50 g, 2e2 g atom)
>in dry xylene (1,5 1) under reflux* Dimethyl sebacate (115 g»
0.5 mol) in dry xylene (200 ml) was added dropv/ise down the condenser 
over 28 h to the refluxing mixture,* After the addition had been 
completed the reaction mixture v/as vibro-stirred and refluxed for a. 
further hour* The reaction mixture v/as cooled in an ice-water bath 
and a solution of glacial acetic acid (l*fO ini) in an equal volume 
of xylene was added over minutes to the stirred mixture, the 
temperature of which was kept below 50°. Water (A50 ml) v/as added, 
and the Vibro-stirrer and nitrogen were turned off* The two-phase
ti
mixture v/as filtered through a Buchner funnel to remove, a small 
amount of gum. The aqueous phase v/as separated from the xylene 
phase and extracted with xylene (100 ml). The combined xylene phase 
and extract were washed with water (100 ml),- dried (MgSO^) and 
filtered* Xylene v/as removed by distillation under nitrogen at.
15 mm pressure, and the yellowish residue that remained was distilled 
through a 30 cm lagged Vigreux column. The acyloin fraction, a 
yellowish liquid, v/as collected at 79-85°/0.07 ram. This solidified 
on cooling.
Yield: 51-3 g crude (60%). Lit.^ b.p. 73-85°/0.1 mm. A portion
was recrystallised from n-pentane at -10° to give a crystalline solid
m.p. 39-^0°. Lit.81 m.p. 38-39°. V  (Nujol) 3500 (OH), 1690max.
(CO) cm""1. T* 5.79 (1H, t, J k.5 Hz, -CH0H-), 6.18 (1H, brTs,
OH, exchangeable on D^O shake), 7*30-9.00 (16H, m, -CH^CO-, -CH^CHOH,
-cch2)„-)«
(Found: C, 70.8; H, 10.7. Calo. for C^I^gO^ C, 70.55; H, 10.7%).
Ethyl 6-methylnicotinate (66)
(a) From 5*-ethyl~2-methylpyridine (aldehyde collidine).
138
By the-method of Murahashi. and Otnka.
5“Ethyl-2-methylpyridine (300 g) was oxidised by heating 
under reflux with concentrated nitric acid (2,470 ml) containing
ammonium vanadate (1.2 g) for three days. The acid v/as isolated
■ . • ■ 139
as the crude-hydrochloride (65)(229 g) which was then esterified
using absolute ethanol (2 1) and dry hydrogen chloride gas.
Yield: 128.4 g (31% based on 5~ethyl~2-methylpyridine). .
(b) From 3-acetyl«2~raethyIpyridine (82)*
140
By the method of Bernary and Psille
5-Acetyl-2~methylpyridine (44.3 g) was oxidised by warming
with, concentrated nitric acid (790 ml). The crude acid hydron’itrate
141
(60.7 g) v/as esterified using absolute ethanol (97*4 g) and conc­
entrated sulphuric acid (54 ml).
Yield: .31*5 g (58% based on 5~a-cetyl-2-methylpyridine)«
, In both experiments the physical constants of the ester were 
similar (see below). The infra-red spectrum of each sample v/as 
identical.
B.po 65°/0.3 mm, 115-1180/13 mm, njp 1.5.028, n^1 1.5031*
Lit. b.p. 116-118°/11 mm, n^° 1.4989. ^ iax 1718 C^0)’
1600 (Ar) cm”1.. T * O.85 (1H, d, J 2.2 Hz, cc -II), 1.81 (1H, dd,
J 2#2 and 8.2 Hz, y-H)s 2.76 (1H, d, J 8.2 Hz, (3-H), 5*60 (2H, q,
J 7*2 Hz, CH^CH2-), 7*39 (5H, s, CH^Py), 8.61 (3H, t, J 7*2 Hz, CH^CH2 
(Found: G, 65*4; H, 6*9; N, 8.45. Calc, for C^H^NO^ C, 65.4;
H, 6*7.5 N, .8*5%)*
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6-Methy3.nicot inamide (67.)
Ethyl 6-methylnicotinate (247 g) v/as treated with concentrated
ammonia solution (2,760 ml) to give the amide.
Yield: 169*5 g (83%), cup* 195°, needles from water.
Lit.1*1'2 m.p. 194-196°. >r 3340, 3160(NH), 1680, 1635 (CO),max.
«1600 (Ar) cm ^.
(Found: C, 61.6; H, 6.0; H, 20.7* Calc.for C^Hgi^O: C, 61.75;
H, 5®9; N, 20.6%).
1-4-2
6-Methylnicotinonitrile (68)
6-Methylnicotinamide (10 g, 0*07 mol) was heated under reflux
with excess phosphorous oxychloride (20 ml, 0.22 mol) for 4 h, the
oil-bath being maintained at 140°. Excess phosphorous oxychloride
v/as removed under v/ater-pump vacuum. The cooled residue v/as suspended
in chloroform (150 ml) and basified with concentrated sodium carbonate
solution. The chloroform layer v/as sejoarated and the aqueous layer
extracted with chloroform (4 x 50 ml). The combined chloroform
layer and extracts were dried (MgSO^), filtered and evaporated.
• o
The crude nitrile was purified by sublimation at 100 under v/ater- 
pump .vacuum.
Yield: 7*4 g (85*5%), m.p. 83-84-°, b.p. 102°/15 mm.
silt o
Lit. b.p. 98-99*5 /11 mm, m.p. 83-84-.5°. V'a 224-0 (CN),
1600 and 1360 (Ar) cnf1. t * 1.12 (1H, d, J 2.1 Hz, a -H), 2.14
(1H, dd, J 2.1 and 8.4 Hz, y-H), 2.71 (1H, d, J 8.4 Hz, p ~H),
7*34 (3H, s, CH^Py).
(Found: C, 71*0; H, 5*3* Calc, for C^H^i C, 71*2; H, 5*1%).
2-Methyl-5-(1~oxo-hex-5-enyl)pyridine (69)
6-Methylnicotinonitrile (65 g, 0.55 mol), in dry diethyl ether 
(1200 ml), was added over 3 h to a stirred, ice-cooled solution of 
pent-4-enylmagnesium bromide, prepared from 1-bromopent-4-ene (14-0 g, 
0.94 mol) and magnesium (25*6 g, 1.07 mol), in dry diethyl ether
(200 ml). The addition completed, the mixture was stirred at 0° 
for 30 minutes, then.at- room temperature overnight and finally under 
gentle reflux for 1 h. . The mixture v/as cooled to 0° and a saturated 
- aqueous ammonium chloride solution (500 ml) stirred in* Hydrochloric 
acid solution (4N, 500 ml) v/as then added and" the mixture stirred 
and refluxed for 1.5 h. The cooled reaction^ mixture v/as basified 
.with sodium hydroxide solution (4N, 500 ml)» The ethereal layer 
was removed and the aqueous layer extracted with ether (7 x 200 ml).
The combined ethereal layer and extracts v/ere evaporated down to a 
smaller volume, dried (MgSO^), filtered and evaporated. The oily 
residue was distilled under high vacuum.
Yield: 70.6 g (68%), b.p. 112-116o/0<,35 mm. Y  1690 (CO),max.
1640 (C=C), 1600 and 1570 (Ar) cm“1. ,T * oe93 (1H, d, J 2.4 Hz,
oc-H), 1.87 (1H, dd, J 2.4 and 8.2 IIz, Y -H), 2.72 (1H, d, J 8.2 Hz,
P-H), 3*80-4.50 (1H, m,’-CH=), 4.75-5*18 (2H, m, CH2=), 7*03 (211,
t, J 6 .8 Hz, -CH2C0), 7*38 (3H, s, CH^Py), 7*60-8.30 (4h, m, -(CI^)^-).
1
5-Hex-3-enyl-2-methylpyridine (70)
2-Methyl-5-(1~oxo~hex«5-enyl)pyridine (70.6 g, 0.37 mol), 
hydrazine hydrate (40.1 g, 0.8 mol) and potassium hydroxide (32*5 
0.58 mol) were dissolved in triethylene glycol (424 ml). The mixture 
v/as stirred at 120° for 1.25 h and then at 160-180° for 3 k* The 
cooled mixture was diluted with water (1 1) and extracted with ether 
(3 x 130 ml). T-he combined ethereal extracts v/ere dried (MgSO^), 
filtered and evaporated. The oily residue v/as distilled under 
water-pump vacuum.
Yield: 33 g (81%), b.p. 124-129°/14 ram, 66-70°/0.23 mm, n2^ 1.4993-
r 1640 (C=C), 1602 and 1570 (Ar) cm’"1. % * 1.69 (1H, d, J 2.4 ;
iflclX p
Hz, oc-H),..2*64 (1H, dd, J 2.4 and 8.2 IIz, y-H), 2.98 (1H, d, '
J 8.2 'Hz, P -H),'3 .87-4.76 (1H, m, -CH=), 4.82-5*24 (2H, m, CH?=), 
7.45. (2H, t, J 6*9 Hz, -CH2Py), 7*50 (3H, s, CH^Py), 7*70-8*70 
(611, m, -(CII2)n-).
* 2,5"-Dihex-3-enylpyridine (71)
A suspension of potassamide in liquid ammonia (500 ml) was 
prepared from potassium (7*23 g). 3-Hex-3~enyl-2-raethylpyridihe 
(30 g) was added dropwise to the stirred suspension. The addition 
completed, fhe mixture was stirred for a further 30 minutes and 
then 1-bromopent-4~ene (28 g) was added as rapidly as possible.
The mixture was stirred for 2 h and the ammonia then allowed to 
evaporate off. The residue was taken up in a mixture of ether 
(100 ml) and water (100 ml). The ethereal layer was removed and the 
aqueous layer extracted with benzene (3 x 25 ml). The combined 
ethereal and benzene phases v/ere dried (MgSO^), filtered and evap­
orated to an oil. This was distilled under high vacuum and gave
20.3 g of crude product.
t
■A second batch of 3~hex-3-onyl-~2~fflethylpyridine (56 g) gave
27 g of crude product. The combined crude products were redistilled. 
Yield: 43*7 g (48%), b.p. 106-108°/0.1 mm, n^p 1.5026.
Total recovered starting material: 29 g. If based on the actual
amount of starting material used then the yield was 85%*
V  ‘ 1638 (C=C), 1399 and 1568 (Ar) cm“1. T*- 1.63 (1H, d, .msLX«
J 2.4 Hz, oc -H), 2.61 (1H, dd, J 2.4 and -8.2 Hz,' y~H) , 2.98
(1H, d, J 8.2 Hz, p-H), 3*80-4.63 (1.H, m, -CH=0, 4.80-3*20 (2H, m,
CH2=), 7.21 (2H, t, J 7*2 Hz, oc~CH2Py), 7*40 (211, t, J 7.0 Hz,
P -CH.Py),-7*70-8.70 (12H, m, -(CH.J -). c <1 n
2,3-Pi-(4-methoxycarbonylbutyl)pyridine (73)
Powdered potassium permanganate (52 g, 0.33 mol) v/as added in
portions over 5 h to a stirred solution of 2,5~dihex~5-enylpyridine 
(10 g, 0.04 mol) in dry acetone (300 ml) at. 20°* The mixture was 
stirred for a further 30 minutes and then filtered. The black residue 
'was digested in hot 10% sodium carbonate solution! (300 ml) for 1 h.
The mixture was filtered and the residue washed with water. The 
combined washings and filtrate were evaporated to ca. 200 ml, 
acidified carefully with concentrated hydrochloric acid and then 
evaporated to dryness. .
The dried residue was taken up in methanol (100 ml) and
filtered. Concentrated sulphuric acid (10 ml) was added to the
filtrate and the mixture refluxed overnight. After removal of
excess methanol under reduced pressure the oily residue v/as taken
up in water and basified with sodium carbonate solution. The aqueous
solution was extracted with benzene (5 x 30 ml). The combined benzene
extracts were dried (MgSO^), filtered and evaporated. The residue
was distilled under high vacuum and gave a viscous, yellowish oil.
Yield: 5.4 g (43%), b.p 150-l60o/0.04 mm. V“ 1735 (Lr, ester),max*
1601 and 1570 (Ar) cnf1. T * 1.60 (1H, d, J 1.9 Hz, a~H), 2.54;
(1H, dd, J 1.9 and 8.8 Hz, y -H), 2.91 (1H, d, J 8.8 Hz, P-H),
6.33 (6H, s, CH^O-), 7*00-7.80 (8H, m, -CH2Py and -CJ^CO^H^), 
7*90-8.50 (8h, m, -(CH2) )^.
2,5*-Pi-(4-methoxycarbonylbutyl)-N-ethylpyridinium bromide (74)
2,5-Pi-(4-methoxycarbonylbutyl)pyridine (19 g) was heated 
under reflux for 4 days with excess ethyl bromide. Unreacted ethyl 
bromide was removed under reduced pressure and the residue stirred 
with dry diethyl ether (2 x 30 ml). The ethereal washings were 
decanted off from the quaternary salt which was isolated as a 
viscous liquid which could not be induced to crystallise.
Yield: 23.5 S (91#). V ,  .1720 (br, ester), 1633, 1599, 1578
and 1333 (Ar) cm”1.
2,3-Di-(A-meihoxycarbdnyrbutyl)-N~ethylpiperidine (639 n = m = A, R = Et) 
The quaternary bromide (23.3 g) was hydrogenated over Adam*s 
catalyst (1 g) in absolute ethanol at atmospheric pressure*
Theoretical uptake of hydrogen occurred within 3 h. The catalyst 
v/as filtered off and the solvent removed under reduced pressure*
The residue was taken up in water (100 ml), basified with 2N sodium 
hydroxide, solution and extracted with ether (4 x 30 ml)* The combined 
ethereal solutions were dried (MgSO^), filtered and evaporated* The 
residue v/as distilled under high vacuum to give a viscous, colourless 
oil* • ■
Yield: ■ g (73%), b.p* 130-133°/0.073 mm, n^ 2 I.A7 0 3.
V' 173^ cm”1, t 6*A3 (6H, s , CHL0-), '7.20-8.00 (9H, m,nicix« j cL
-CH2C0zCH^ and -CHN-), 8.00-9.20 (20H, m, CH^CJ^-, -(CH^- and 
-CH-).
(Found: N, Ac2%; M+, 3A1. C^H^NO^ requires N, A*1%; M, 3A1) *
1-Bromopent-A-ene
This was prepared by treating phosphorous tribromide (17A g)
with a mixture of pent-A-en-1-ol (138 g) and dry pyridine (3A*3 g)
at 0°.
Yield: 1A2 g (39%), b.p. 126-130°/760 mm, n^° 1.A6A0 .
Lit. b.p. 123-1 2 9 ° /760 mm, n^° 1.A632. V 16A0 (C=C) cm"1.
Pent-A-en-1-ol •
(i) Tetrahydrofurfuryl chloride v/as prepared by treating 
tetrahydrofurfuryl alcohol (A08 g) in dry pyridine (3A8 g) with 
thionyl chloride (300 g) at 0°.
o 1AA n  ■ ' ■
Yield: 2 3 6 .7 g (33.3%), b*p* AA-A7 /1A mm* Lit* b.p* A7-AS / 1 3  ram*/
(ii) Tetrahydrofurfuryl chloride (256 g) in dry diethyl ether 
(200 ml) was added to sodium sand (95 g) in dry diethyl ether (600 ml) 
to give the •pent-Jf-en-1-ol.
'Yield: 133*5 g (75^ ),■ b.p* 137-lA-0°/760 mm, nj^ 1.4-307.
-1 i4.i1. PO
Lit. b.p. 76.^  /60 mm, n^ 1.*f299»
3370 (br, OH), 16'40 (C=C) cm"1.
IHciX 6
11-( ^f-Pyr idyl) unde canoic acid (75)
12-(A~ Pyridyl)dodecene (^.5 g', 0*02 mol) in dry acetone (50 ml)
was treated with powdered potassium permanganate (10.8 g,-0.08.mol)
in portions over 5 k. The temperature of the reaction :was kept
below 30° by occasional cooling. The black precipitated solid was
filtered off and digested in hot. 10% sodium carbonate solution (1Q0 ml).
The mixture was filtered and the residue washed with water. The
combined filtrate and washings were evaporated to low volume (ca.
70 ml) and then acidified to maximum precipitation (pH .6 to’7)• The
'solid'was filtered off, washed with water and dried (3*8 g).
Recrystallisation from ethanol gave a crystalline solid (2.1 g),
m.p. 13^-135°. ^  (Nujol) 2500 (br, OH), 1?0k (br, C0„H) andmax# cl
1611 (Ar) cm ^.
(Found: C, 72.8; H, 9#5? N, requires C, 73.O;
H, 9.6; N, 5®3%)•
SodioformylacetOne
1A5
This was prepared by the method of Perez-Medina from sodium 
(kS g), acetone (116 g) and ethyl formate (1^ 8 g).
Yield: 197 g (91%).
5-Acetyl-2-methylpyridine (82)
This was prepared by treating sodioformylacetone (195 g) with 
a saturated solution of ammonium acetate (100 g) in glacial acetic
I tUacid according to the method of Bernary and Psille 
Yield: *+0.3 g (33%)* b.p* 49-52°/0.05 mm, n|1°5 1.5320.
Lit. b.p. 231-232°/760 mm, 108-110°/'10 mm, n^° 1.5308.
^max 1690 (00), 1600 and 1570 (Ar) cm~1. T * O.98 XlH, d,
J 2.*+ Hz,'. (x-H), I.90 (1H, dd, J 2.4 and 8.0 Hz, y-H), 2.75 (1H, 
d, J 8,0 Hz, p ~H), 7.38 (3H, s, CR^Py), 7*40 (3H, s, CH^CO). 
6-Methyl~5-pyridylthioacetomorpholide (83)
146'-'This; :was ■ j>repared_ by the method of Sperber et al. from 
3-acetyl-2-methylpyridine (48 g, 0.35 mol), morpholine (53*2 g,
0.61 mol) and sulphur (18„5 g, O.58 mol). '
Yield: 61 g (73%) crude. A portion was purified by sublimation
at 94-96°/0.1 ram followed by recrystallisation from diethyl ether-. ■
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light petroleum (40-60 ), m.p. 92-93 (needles). Lit. m.p. 78-85?
and m.p.1^ 7 91-92°. Y  (Nujol) 1599, 1565 (Ar), 1507 (CS) cm“1.max.
T * 1.59 (1H, d, J 2.4 Hz, a-H), 2.31 (1H, dd, J 2.4 and 8.1 Hz,
Y -H), 2.86 (1H, d, J 8.1 Hz, (3-H), 5*52-5*80 (4H, m, remaining 
morpholine ring protons and CH^CS), 6.10-6.65 (6tI, m, morpholine ring 
protons), 7*47 (3H, s, CH^Py).
(Found: C, 6I.I; H, 6.9; N, 11.9* Calc, for C^H^N^OS: C, 61.0;
H, 6.8; N, 11.85%).
Ethyl 6-methyl~3-pyridylacetate (86)
The crude thioacetomorpholide (6lg) was hydrolysed and
' 146esterified according to the method of Sperber et al. to give the 
ethyl ester as a colourless liquid.
Yield: 17*7 g (26% based on 5-sLcetyl-2~methylpyridine),
b.p. 72°/0.15 mm, il2 1A9?0. Lit.l W  b.p. 101-107°A mm> I A 969.
V m_  1730 (C05Et), 1602, 1572 (Ar) cm-1. T * 1.61 (1H, d, J 2 A  Hz, 
a -H), 2.4? (1H, dd, J 2.4 and 8.1 Hz, Y-H), 2.91 (1H, d, J 8.1 Hz,
P -H), 5*86 (2H, q, J 7*0 Hz, -CI^O), 6.46 (2H, s, -CH^O) ,
7.48 ■ (3H, s, CH^Py), 8.78 (3H, t, J <7.0 -Hz, .CH^CH^).
Methyl 6-methyl-3-pyri<iylacetg.te (87)
The methyl ester was also prepared by hydrolysis and ester-
ification of the crude thioacetomorpholide (87 g)»
Yield: 22.8 g (28% based on 5-a-cetyl~2-methylpyridine),
b,p. 76-77°/0.2 mm, n^2 1*5060. Lit^8 b.p. 116-117°/16 mm. .
'Y 1738 (C0oMe)s 1605, 1572 (Ar) cm"1. T* 1.63-(1H,d, J 2.4 Hz, max. c. ■ “*
a-H), 2.49 (1H, dd, J 2.4 and 7.7 .Hz, y-H), 2.90 (1H, d, J 7*7 Hz, 
P~H), 6.33 (3H, s, GH^O), 6.43 (2H, s, -CH2C0), 7*48 (3H, s,. CH^Py). 
6-Methyl«3-pyridylacetamide (88)
The methyl ester (7<>5 g) in cold methanol (50 ml) was treated 
with liquid ammonia (20 ml) and the mixture allowed to stand overnight 
to afford the amide as a crystalline solid.
oYield: 5*7 S (85%) crude, m.p. (needles from chloroform) 163-164 .
Lit. m.p. 158-160°.
' V  . (Nujol) 3380, 3170 (NH), 1675, 1633 (CO), 1606, 1572 (Ar). cm-1.
T * ‘1.57 (1H, d, J 2.2 Hz, a-H), 2.42 (1H, dd, J 2.2 and 7*9 Hz, '
y-H), 2.83 (1H, d, J 7*9 Hz, P-H), 4.0-5*0 (2H, v.br, exchangeable 
with D20, -NH2), 6.45 (2H, s, -CH2C0), 7.44 (3H, s, GH^Py).
(Found: C, 64.0; H, 6.45; N, 18.8. Calc.for CgIl10N20: C, 64.0;
H, 6.7; N, 18.65%)*•
6-Methyl-3-py^idylacetonitrile (89)
6-Methyl-3-py*’idylacetaraide (3 g, 0.02 mol) v/as heated on a 
steam-bath with phosphorous oxychloride (4 ml, 0.04 mol) for 1 h.
The cooled reaction mixture v/as poured onto cracked ice, basified 
v/ith sodium bicarbonate solution and extracted with chloroform 
(3 x 15 ml). The combined chloroform extracts v/ere dried (MgSO^), 
filtered and evaporated to yield an oil. Distillation.under high 
vacuum afforded the hitrile as a colourless liquid.
Yield: 2 g  (76%), b.p. 73°/0.15-0.2 ram. Y  2265 (CN), 1604 cm"1max *
T* 1*52 (1H, d,- J 2e4 Hz, ot-H), 2*38 (1H, dd, £2*4 and 8*1 Hz,
Y-H), 2*80 (1H, d, J 8.1 Hz, P -H), 6c26 (2H, s, -CH^CN), 7*46 
(3H, s, CH,Py).’ v
Attempted Grignard reaction 'with pent-4-enylmagnesium bromide on. 
6-methyl-3-pybidylacetonitrileo
: 6-Methyi~3-py^idylacetonitrile (2.8 g, 0*02 mol), in dry 
diethyl ether (20 ml), v/as added over 30 minutes to a stirred, ice- 
cooled solution of pent«4~enylmagnesium bromide, prepared from
1-bromopent-4-ene (7*55 6? 0*05 mol) and magnesium (1.14 g, 0*05 mol)? . 
in dry diethyl ether (50 ml). . The addition completed, the mixture 
was stirred at 0° for 30 minutes, then at room temperature for 2 h 
and finally under reflux for 1 h. The mixture was cooled to 0° and 
a saturated aqueous ammonium chloride solution (20 ml) stirred in.
The ethereal layer was removed and the aqueous layer extracted with 
ether (20 ml). The combined ethereal phases v/ere extracted with 
hydrochloric acid solution (3N, 3 x 25 ml). The combined aqueous 
acid extracts were heated on a steam-bath for 30 minutes, cooled, 
basified with sodium hydroxide solution and extracted with ether 
(3 x 40 ml). The combined ethereal extracts v/ere dried (MgSO^), 
filtered and. evaporated to an oil (2,3 g) v/hich v/as identified as 
the nitrile, recovered in 82% yield.
3-(2-Hydroxyethyl)-6-rnethylpyridine (90)
Methyl 6-raethyl~3~py*'idylacetate (12 g, 0.07 mol) in dry diethyl 
ether (50 ml) v/as added to a well stirred suspension of lithium 
aluminium hydride (3 g, 0.08 mol) in dry ether (200 ml) under 
nitrogen such that the ether refluxed gently. The addition completed, 
the mixture v/as stirred and refluxed for 1 h. The reaction v/as cooled,
and excess hydride decomposed with methyl acetate. The mixture 
v/as taken up in ether (100 ml) and treated with the minimum amount 
of water* The ethereal solution was dried (MgSO^), filtered and 
evaporated* The residue crystallised on cooling.
Yield: 9*2 g (93%) crude* A small portion v/as purified by sublima­
tion at 70° under v/ater-pump vacuum as a crystalline solid. In this 
state the compound v/as:extremely hygroscopic.
:V mar (Nujol) 3200 (br, OH), 1605 and 1573 (Ar) cm"1. ..
IliClX ♦
T* 1.71 (1H, d, J 2*2 Hz, a-H), 2*50 (1H, dd, J 2*2 and 8*1 Hz,
Y -H), 2*94 (1H, d, J 8*1 Hz, P-H), 6.03 (1H, s, OH),' 6.1.6 (2H,
t, J 6*7 Hz, -CH20), 7.21 (2H, t, J 6.7 Hz, -CH2Py), 7»57 (3H, s, CH^Py).
3-(2-ChIoroethyl)-6-methylpyridlne (91)
Crude 3-(2-hydroxyethyl)-6-methylpyridine (10 g)in dry benzene
(80 ml) v/as treated with excess thionyl chloride (10*5 ml)* The
mixture was then carefully heated under reflux for 2*5 h. The
cooled reaction mixture v/as taken up in .water, basified with sodium
carbonate solution and extracted v/ith ether (3 x 25 ml)* The combined
ethereal extracts v/ere dried (MgSO^), filtered and evaporated. The
chloropyridine could be safely distilled under high vacuum v/ithout
quaternising. However, the pure choropyridine slowly quaternised on
standing. •
Yield: 7*6 g (67% based on methyl 6-methyl~3-pyridylacetate),
b.p* 55-56°/0.35 mm, n?° 1.5295* v  1603 and 1570 (Ar) cm”1.d m ax.
t * 1-59 (1H,‘ d, J 2.4 Hz, a-H), 2.51 (1H, dd, J 2*4 and 8.0 Hz, 
y-H), 2.87 (1H, d, J 8*0 Hz, p-H), 6.30 (2H,.t, J 6*9 Hz, -CH?C1),
6.98 (2H, t, J 6.9 Hz, -CHpPy), 7-47 (3H, s, CH-,Py).
3-(2-Chloroethyl)-6~methylpyridine gave a crystalline methiodide, 
m.p. 69-71° (from ethanol-diethyl ether).
(Found: C, 36.2$ H, *f<>5; N, ^8$^, C^H^CIIN requires C, 36*3;
H, kA; N, ko7%) o ' -
Attempted Grignard reactions with 3-(2~chloroethyl)-6-methylpyridine
(i) 3“(2-Chloroe.thyl)«6~methylpyridine (6 g) in dry diethyl ether 
(13 ml) v/as added over 30 minutes to a stirred, ice-cooled solvition 
of pent-^-enylmagnesium bromide, prepared from l-bromopent-^f-ene 
(6.4 g) and magnesium (1*02 g), in dry diethyl ether (33 ml). The 
stirred mixture was allowed to come to room temperature and then 
refluxed for 20 h* The cooled mixture was poured onto iced.-water* 
The ethereal phase v/as removed, dried (MgSO^), filtered and evaporat 
The oil v/as distilled under high vacuum to give (2*2 g) of recovered 
chloropyridine (91).
(ii) An attempted v/as made to prepare the Grignard complex of
3-(2-chloroethyl)-6-methylpyridine but without success* 
6-Methy.l-3-pyi‘idylacetomorpholide (8*0
6-Methyl-3-pyridylthioacetomorpholide (1 g) v/as dissolved
in warm ethanol (120 ml) and treated with 30% hydrogen peroxide
solution (3 ml) followed by ethanolic potassium hydroxide solution
(211, *f*3 ml) to pH 8. The mixture v/as left to stand for 1 h at ■ room
temperature. Solvent v/as removed under reduced pressure and the
residue v/as taken up in 2N ammonia solution and extracted with
chloroform ( 3 x 5  ml)* The combined chloroform extracts v/ere dried
(MgSO^), filtered and evaporated to afford a yellowish oil which.
crystallised on treatment with diethyl ether, crude yield (8*f0 mg).
Chromatography over silica gel using chloroform as elueiit, followed
by recrystallisation (charcoal) from diethyl ether-petroleura ether
(*f0-60°) gave (280 mg) of product, m*pe'72-74°.
Y  (Kujol) 1653 (CON) and 1600 (Ar).cm"^. tt: T«64 (1H, d3max*
J 2*k Hz, a -H), 2.V7 dd, J 2 A  and .'8.1 Hz, y-H), 2.88' (1H, 
d, J 8.1 Hz, (3-H), 6.35 and 6*k6 (10H, two br.s, -CHpCO, morpholine 
ring protons;, in DgDM.SO these peaks appear at t 6.31 and 6.30)*
7^7 (3H, s, CIf3Py).
(Found: C, 63.6; H, 7^5 N, 12,2%. C12H161^2°2 re^ res. ■ gj
H, 7.3?'. N, 12.7%).
I,^ -Fihrpmopropane
'j Zf 9. This was prepared by the method of Kamm and Marvel from 
sodium bromide (2 7^ g), water (216 ml), concentrated sulphuric acid 
(JfOO g) and propane-1,3-diol (73 g)*
Yield: 1^ -6.7 g (76%)', b.p* 163-166°/W- mm, 36-38°/17 mm, n^ 9 '1.322*u
Litv1^ 9 b.p. i62-163°/760 mm.
6~Bromohexan-2~one (98)
This was obtained by the two-step procedure of Anderson,
93 - • •
Crawford and Sherrill.
... (i) 3-Ethoxycarbonyl-2-methyl-3» 6-dihydro-^f-pyran was prepared 
from:ethyl acetoacetate (9^*3 g)? sodium (33*3 g)s 1,3-dibpomopropane 
(146*7 g) in dry ethanol (720 ml).
Yield: 44*4 g (33%) crude, b.p. 100-114°/10-11 mm.
Lit.95 b.p. 110-113°/13-16 mm.
(ii) The crude dihydropyran (44 g) was hydrolysed and decarb- 
oxylated by treatment with hydrobromic acid solution (48%, 90 ml) 
to yield the 6-bromohexan-2-one.
Yield: 21.2 g (16*3% based 011 1,3-dibromopropane), b.p. 48°/0.3 mm,
n^5*5 1.4669. Lit.95 b.p. 10if-103°/15 mm, n^° 1.4713.
Y  1710 (CO) cm”*1. t* 6.60 (2H, t, J 6.VHz, -CH Br), 7^2 max« ct
. . .  •. . ■
(2H, t, J 6.3 Hz, -CHpCO), 7*83 (3H, s, CH-XO), 8.00-8.30 (4H, m,
. cL j
-(CH2)2~).
6-Iodohexan-2~one (94).
6-Bromohexan-2~one (17*2 g, 0*1 mol) and potassium iodide 
(19.2 g, 0.12 mol) in acetone (73 ml) was heated under reflux for 
18 h. The cooled mixture' was poured into saturated sodium chloride 
solution (130 ml) and extracted with ether (2 x 50 ml). The combined 
e t h e r e a l  extracts were washed with sodium thiosulphate solution 
(25 ml) and then with water (25 ml), dried (MgSO^), filtered and 
evaporated. Distillation under high vacuum afforded the iodoketone . 
as a colourless oil.
Yield: 15 g (69%), b.p. 5.1-53°/0.1 mm, n^° 1.5102. :
Lit.-9Zf b.p. 51-53°/0.1 mm, n?5 1.5118. Y  1710 (CO) cm*"1.
jj max.
T 6.84 (2Hi t, J 6.7 Hz, -CH2D, 7.59 (2H, t, J 6.2 Hz, ~CH2C0),- -
7.95 (3H, s, CH^CO), 8.00-8.50 (4H, m, ~(CH2)2~).
Attempted Intramolecular Cyclisation of 6-iodohexan-2-one
Freshly distilled 6-iodohexan-2~one (5 g) in dry diethyl ether 
(20 ml)• under nitrogen was treated with magnesium turnings.(0.53 g)» 
which had previously been washed with dry diethyl ether. The mixture 
was- then stirred and refluxed and a crystal of iodine added. An 
immediate reaction occurred with slow separation of a viscous oil.
After 10 h the reaction mixture was cooled, poured into ice-water 
and acidified with dilute hydrochloric acid solution. The ethereal 
layer was removed and the aqueous phase extracted with ether (3 x 25 
ml). The combined ethereal extracts and layer were dried (MgSO^), 
filtered and evaporated. The crude oil was distilled under water- 
pump vacuum and gave several fractions each having a wide boiling 
range. GLG analysis (polypropylene glycol column) of the fractions 
showed each to consist of a mixture of many components. A GLG analysis 
of the oil prior to distillation indicated this to be a mixture of
at least five components one of-which was identified as the 
iodohexanone. Unreacted magnesium amounted to 300 mg.
A similar attempt at cyclising the 6-bromohexan-2~one through 
the Grignard intermediate was also unsuccessful.
Attempted Dehydration of 2~hydroxycyclodecanone
P-ure 2-hydroxycyclodecanone was distilled under nitrogen 
under ■. high vacuum through a column 30 x 2*5 cm packed with an equal 
volume mixture of Gooch asbestos and alumina heated to 310-320°.
The alumina used in the first run was BDH desiccating grade (8-16 mesh) 
ground to 40-100 mesh in a ball-mill. The initial distillation pot 
temperature was 160° at a vacuum of 0*8 mm, rising to 180° and finally 
ended at 230°. In the second run a different grade of alumina, 
obtained from Laporte Industries, type A nActaln grade:of 16/32*s 
mesh was used.. In these and. subsequent runs only a small amount 
of distillate was usually collected in the acetone-carbon dioxide 
trap. The greater part of the distilling sebacoin appeared to be 
trapped in the column.
The distillate gave a dark-blue liquid on warming (except in 
the first run where a greenish-yellow liquid was obtained), this 
was dried (CaCl2) and distilled. Examination of the fractions by 
thin layer chromatography (TLC) showed each to consist of a number 
of components. ,No 2,4-DNP derivatives could be prepared from these 
fractions. A spectroscopic examination of the fractions showed 
no evidence of an oc (3-unsaturated ketone.
2-Bromocyclodecanone (101) ‘
Bromine (10.4 g) in dry carbon tetrachloride (20 ml) was 
added dropwise over 1.5 h to a stirred solution of cyclodecanone 
(10 g) in dry carbon tetrachloride (25 ml) at 5°- After the addition 
had been completed the mixture was stirred at 5° fox* a further 0.5 h,
then poured into iced-water and basified with sodium bicarbonate 
solution. The organic: layer was separated from the aqueous layer 
which was extracted with' carbon tetrachloride (20 ml). The. combined 
carbon tetrachoride extract and layer was washed with water (2 x 30 ml) 
dried (Na2S0^), filtered and evaporated* The oil was distilled 
under high vacuum.
Yield: 5.6 g (37%), Wp. 66-70°/0.1 mm, n22 1.5166.
Lit.95 b.p. 56°/0.06 mm, n?5 1.5160. Y  1707 (CO) cm"1x/ max.
T 5«*55 (-1H, four lines, the X part of an ABX system, J' + 15*3 Ha
~J*A "iJA
-CHBr-), 7.28 (2H, t, J 5.8 Hz, -CH^CO), 7«40~8.80 (14H, m, AB part
of the ABX system'-CH^CHBr, -(CH^)^-).
Attempted dehydrobromination of 2-bromocyclodecanone
A mixture of 2-bromocyclodecanone (4.5 g), lithium carbonate
(3*2 g) and lithium bromide (2.8 gX in dry dimethylformarnide (45 ml)
was stirred and heated under reflux under nitrogen for 6 11 according
99
to the procedure of Corey et al. No oc(3 -unsaturated ketone coulct 
be isolated from the reaction mixture on work-up.
1-Pyrrolidino-l-cyclodecene (111)
Cyclodecanone (18 g) and pyrrolidine (11.8 ml) were heated 
under reflux for.10 h with p-toluenesulphonic acid (0.3 g) in
benzene (100 ml) in a Dean and Stark apparatus. Benzene was removed
under reduced pressure and the residue was distilled under water- 
pump vacuum to give a pale-yellow oil.
Yield: 13.8 g (57%), fc-P. 163°/15 mm, n^°*5 1.52^5.
V  1630 (C=C)-om-1.max.
Attempted C-alkylation of 1-pyrrolidino-1-cyclodecene \d.th bromoacetal
A mixture of bromoacetal (3*8 g) and 1-pyrrolidino-1-cyclodecene 
(4 g) in dry methanol was heated -under reflux for 18 h according
101to the method of Stork and co-workers . Thin layer chromatography 
showed no reaction to have taken place after this time. Addition 
of dry dioxan (10 ml) and sodium bicarbonate (1.5 g) followed by 
a period of refluxing again gave no indication of a reaction taking 
place from a TLC examination. Work-up afforded bromoacetal and • 
cyclodecanone which had come from the hydrolysed enamine. No 
C-alkylated product was obtained.
Bromoacetal
150This was prepared by the method of McElvain and Kundiger 
from bromine (51 ml), vinyl acetate (86 g) and absolute ethanol (300 ml). 
Yield: 116.5 g (59%), b.p. 62-63°/l4 mm, n^9 1.4-359.
Lit.150 b.p. 62-63°/15 mm. T 5*43 (1H, t, J 5*5 Hz, -0CH0-),
6.42 and 6.48 (4h, two quartets, J 6.9 Hz, -GH^O), 6.75 (2H, d,
J 5.5 Hz, BrCH2-), 8.81 (6H, t, J 6.9 Hz, CHy). 
N-Cyclodecylidenecyclohexylamine (112)
Cyclodecanone (20 g) and cyclohexylamine (25 ml) were heated 
under reflux for 24 h with p-toluenesulphonic acid (1 g) in benzene 
(100 ml) in a Dean and Stark apparatus. Benzene was removed under 
reduced pressure and the residue was distilled under high vacuum to 
give a colourless, viscous oil.
Yield: 22.5 g (74%), b.p. 97**99°/0.065 mm, n25 1.5087.,
^max. 1655 (C=N) cm*"1.
Attempted C-alkylation of N-cyclodecylidenecyclohexylamine with 
bromoacetal
N-cyclodecylidenecyclohexylamine (6.5 g) was added to a 
stirred solution of ethylmagnesium bromide, prepared from ethyl 
bromide (3*03 g) and magnesium (0.68 g), in dry tetrahydrofuran 
(60 ml) under, nitrogen. The mixture v/as.heated under reflux for 2 h
to complete the evolution of ethane.- The; reaction mixture was cooled 
to room temperature and bromoacetal (5*45 g) was added dropwise 
with stirring. The mixture was then stirred and heated under reflux 
overnight. On acid hydrolysis and work-up ofcthe reaction mixture 
no C-alkylated product was isolated, only cyclodecanone was identified.
The reaction was:, repeated but this time the reflux period was 
extended to 88 h following the addition of bromoacetal. The reaction 
mixture was hydrolysed with water but, as before, no alkylated product 
was obtained on work-up, only bromoacetal and cyclodecanone were 
recovered.
Attempted C-alkylation of 1-pyrrolidino~1~cyclodecene (111) - with 
chloroacetone ■
A mixture of chloroacetone (4.5 g) and 1~pyrrolidino-1- 
cyclodecene (10 g) in dry benzene (50 ml) was heated under reflux 
for 3 h. The reaction mixttire quickly became very dark together 
with the formation of oily droplets. Work-up afforded a black
oily residue which on distillation gave one fraction b.p* 60°/0.4 mm
(3*9 g) of cyclodecanone, which had come from the hydrolysed enaraine.
i
2-(2-Diethoxyethyl)cyclododecanone (102, n =9)
A suspension of sodium hydride in dry dimethylformamide (130 ml)
was prepared, from 50% sodium hydride dispersion (11 g, washed free
of mineral oil with dry benzene (3 x 50 ml)) under nitrogen. 
Cyclododecanone.(40 g) in dry dimethylformamide (60 ml) \m.s added 
dropwise to the stirred sodium hydride suspension at 50°. The ketone 
was added at such a rate that gas evolution•was steady, this usually 
began slowly, and cooling was occasionally necessary to-maintain 
the temperature at 50°. Time taken for the addition was 1.5 h*. ■
The reaction mixture was then stirred overnight at 45-50° to complete
formation of the anion, indicated by, cessation of hydrogen gas 
evolution and the absence of unreacted sodium hydride. The yellowish- 
orange reaction mixture was cooled to about 30° and bromoacetal 
(47 g) was added dropwise over 20 minutes. The reaction was heated 
and stirred to 100° and held at this temperature for 5 h* The mixture 
was cooled to room temperature and the precipitated sodium bromide 
was filtered off. Dimethylformamide was removed by distillation 
at 15 mm pressure and the residue was taken up in water (200 ml) 
and extracted with ether (3 x 50 ml). The combined ether extracts 
were dried (MgSO^), filtered and evaporated to a reddish oil. This 
was distilled under water-pump vacuum to remove unreacted cyclodo- 
d'ecanone and then the remainder was distilled under high vacuum to 
give the product as a colourless oil.
Yield: 30 g (46%), b.p. 12.1-123°/0.045 mm, n^0e5 1.4712.
■V 1703 (00) and 1660 (w.sh, C=C) cm"1,max® .
T 5.74 (1H, t, J 5*5 Hz, -0GH0-), 6.20-6.80 (4H, m, -CH^O-),
7*20-9.05 (29H, m, including two triplets centred at T 8.84 and 8.90,
J 7.2 Hz, C y ;  -CH^CO, -CHG0, -(OH^)^). -
2-(2-Diethoxyethyl)cyclodecanone (102, n = 7) -
By a similar procedure 2~(2 ~diethoxyethyl)cyclodecanone was 
prepared from cyclodecanone (99 g) in dry dimethylformamide (120 ml), 
50% sodium hydride dispersion (33 g, washed free of mineral oil with 
dry benzene (3 x 75 ml)) in dry dimethylformamide (370 ml), and 
bromoacetal (.140 g). Kecycling of the recovered unreacted cyclo­
decanone, which amounted to (24.4 g), gave a total yield ‘of 93*5 g 
(54%) following distillation of the combined crude fractions through 
a 24 cm Vigreux column, b.p. 93-100°/0.035 mm, n1  ^1.4704w
V  1700 (CO) and 1657 (C=C) cm"1, max.
t 5.41 (t, J 5.1 Hz), 5.72 (1H, t, J 5.4 Hz, -OCHO-), 6.20-6*86 
(4H, m, -GH20-), 7»00-9«05 (25H, m, including two triplet centred 
at T 8.84 and 8.87, J 7.1 Hz, CH^-; -GH2C0, -CHC0, -(CH2)n-).
2,5-(Deca-methylene)furan (117)
I o
2-(2 -Diethoxyethyl)cyclododecanone (5 g) was stirred at 50
in a mixture of dioxan (65 ml) and 5N hydrochloric acid (5 ml) for
8 h. The dioxan was evaporated off under reduced pressure. The
residue was taken up in ether and dried (MgSO^), filtered and
evaporated to an oil. (1.7^ g). Chromatography over neutral alumina
with n-pentane as eluent gave 500 mg of pure product. A portion was
distilled under high vacuum, b.p. 70°/0.13 mm.
" Y m ,1620, 1569 and 1520 (furan ring) cm"1, max •
T 2.86 (1H, d, J 1.7 Hz, a-H), 3*98 (1H, d, J 1.7 Hz, P ~H),
7.43 (2H, ca.t, J 6.5 Hz, a~CH2C), 7.64 (2H, ca.t, J 6.5"Ez, P-CH2),
8.00-9*20 (16H, m, -(CH2) -).
(Found: C, 81.8; H, 11.3%. Ci4^22^ ^eQnires C, 81.5? H, 10.75%).
2-rFormylmethylcyclododecanone (103» n = 9)
1
2-(2 -Diethoxyethyl)cyclododecanone (29 g) and £-toluenesulphonic
acid (5 g) were vigorously stirred in de-oxygenated water (400 ml)
at. 50° tinder nitrogen for 6 h. The cooled reaction mixture was
saturated with sodium chloride and extracted with ether (3 x 50 ml).
The combined ethereal extracts were dried (Na~C0_,), filtered and
2 5
evaporated and the crude oil was distilled tinder nitrogen as an
almost colourless liquid.
Yield:' 14.8 g (68%), b.p. 111-113°/0o03 mm, n^8°5 1^4904(5)
Y  . 2725 (CHO), 1720 (CO aldehyde) and 1705 (CO ketone) cm"1,max.
^ 0.35 (1H, s, -CHO), 6.80-9*20 (23H, m, ~CH2C0? -CHCO, -CE^ CIIO,
A portion of the aldehyde was oxidised to the acid with potassium 
permanganate in acidic aqueous acetone* The product was purified 
by sublimation at 105°/0.075 mm followed by recrystallisation from 
cyclohexane as needles, m.p#117-118°.
Y  (Nujol) 3350-2400 (br, G0oH), 1709 (br, CO ketone and acid) cm max. d
T* -1.17 (1H, br.s, -OH), 6.70-9.10 (23H, ra, -CHUCO, -CHCO, 
-CH,C0_H, -(CH.) -).
—‘d. d  d 11
(Found: C, 69• 75 H? 10.4%. O^^H^O^ requires C, 70.0; H, 10.1%).
2-Formylmethylcyclodecanone (103, n = 7 )
* .
By a similar procedure 2-(2 -diethoxyethyl)cyclodecanone (93 g)
was hydrolysed with £-toluenesulphonic acid (8 g) in de-oxygenated 
water (1 1) at 50° for 4 h. The product was isolated by distillation 
through a 24 cm Vigreux column under nitrogen as an almost colourless 
liquid.
Yield: 36.5. g (54%), b.p. 82~84°/0.055 mm, n^7 1.4913.
V  2725 (CHO), 1718 (CO aldehyde) and 1700 (CO ketone) cm“V  max.
T O.35 (1H, d, J 0.86 Hz, -CflO), 6.70-9*05 (19H, m, -CH2C0, -CHCO,
-CHoCH0, -(CH0) -).—2 ■ 2 n
Bicyclo[9.2.1] tetradec-11-en-l4-one (104, n = 9).
2-Formylmebhylcyclododecanone (42 g) was added dropwise over 
45 minutes to a vigorously stirred 1% sodium hydroxide solution 
in de-oxygenated water (1 1) heated under reflux under nitrogen.
The reaction mixture v/as stirred and refluxed for a further 1.5 h.
The cooled mixture was saturated with sodium chloride and then 
extracted with ether (4 x 60 ml). The combined ethereal extracts 
were dried (MgSO^), filtered and evaporated to a viscous oil, which 
was distilled under high vacuum as an almost colourless liquid.
Yield: 17.2 g (44.5%), b.p. 104~106°/0C06 mm, n^9 1.5115-
1699 (CO) and 1630 (C=C) cm"1. X (EtOH) 232 11m (£ 92?0). max* max*
T 2*77-2*95 (1H, m, =CH), 7.IO-9 0 O (21H, m, -CH2C=, -CHCO, -(CH^)^-)*,
M+, 206* ^']'4®22G re ( lu^ :i:‘e s  2 0 6 .
Bicyclo [7.2* 1] dodec-9-en~12-one (104, n - 7)
- 2~Formylmethylcyclodecanone (35 g) was added over 5 minutes 
to a vigorously stirred 1% sodium hydroxide solution in de-oxygen- 
ated■water (800 ml) heated under reflux under nitrogen* The reaction 
mixture was stirred and refluxed for a further 30 minutes. The 
cooled mixture was saturated with sodium chloride and extracted 
with ether (3 x 60 ml). The combined ethereal extracts were dried 
(MgSO^), filtered and 'evaporated to a reddish oil, distillation under 
nitrogen gave a very pale-yellow liquid. - .
Yield: 2W 5' g (77%), b.p. 8O-8V V 0.O5 mm, i d .1.5186.
Y'mo* 1697 (CO) and 1630 (C=C) cm-1. V „ (EtOH) 233-5 nm (s 7300). max.  ^ max.
^ 2.71-2.98 (III, m, =CH), 7.04-9.30 (17H, m, -CH2C=, -CHCO, ~(CH2)n-)o
M+, 178. C^ pILjgO requires M, . 178.
Bicyclo[9*2* j] tetradecan-14-one (106, n = 9)
Bicyclo [9c2.1] tetradec-11-en-l4-one (23 g? containing a small 
amount of the aldehyde-ketone (103, n = 9) impurity) was hydrogenated 
over 10% palladium on charcoal (900 mg) in absolute ethanol (200 ml) 
at atmospheric pressure. Hydrogen uptake was complete within 2 h.
The catalyst was filtered off and the filtrate evaporated down under 
reduced pressure to yield an oil which v/as distilled under high vacuum. 
Yield: 18.6 g (80%), b.p. 9l-95°/0.11 mm, n?° 1.^977.
V  max> 1723 (CO) cm-1. M+, 208. C14^24^ reQu^res St 208.
T  7-50-9*20 (24H, m, -CHCO, -(CH2)n-)*
Bicyclo |7»2.l] dodecan-12-one (106, n - 7)
Bicyclo [7.2® 1] dodec~9~en~12~one (23*5 g) was hydrogenated over
10% palladium on charcoal (900 mg) in absolute ethanol (200 ml) at 
atmospheric pressure. Hydrogen uptake was complete within 2.5 h.
The catalyst v/as filtered off and the filtrate evaporated down under 
reduced pressure to give a colourless liquid which .'was distilled 
under high vacuum.
Yield: 21.5 g (90%), b.p. 68-?^°/0.045 mm, il9 1.5026.
y" 1720 (CO) cm-1. M+, 180. C„.H,n0 requires H, 180.max.. ic. c\j —*
T 7-50-9*20 (20H, m, -CHCO, -(CH^) -).
Bicyclo[9-2.f| tetradecan~l4~ one oxime (107j n = 9)
Bicyclo [9.2. ij tetradecan-14-one (18 g, O.O87 mol) and hydroxyl- 
araine hydrochloride (28*7 Si 0.41'mol) in a mixture-of ethanol (90 ml) 
and water (25 ml) under nitrogen, was treated with solid sodium 
carbonate (22 g, 0.21 mol). The resulting' mixture was warmed 
carefully and then heated under reflux for 6 days. The cooled 
mixture v/as filtered and the residue washed with hot ethanol, the 
filtrate v/as evaporated down under reduced pressure to yield a 
crystalline off-white solid. This solid was combined with-the 
residue and the two heated for a short time with water. The mixture 
v/as filtered hot and the residue v/as v/ashed v/ith water. The crude 
residue v/as recrystallised from aqueous ethanol.
Yield: 14.8 g (77%) j m.p. 147°. A portion was recrystallised
twice from petroleum ether (60-80°) as plates, m.p. 147-148°.
(Nujol) (br QH) and l66 cm-1#.
y max.
Y  '0.80' (1H,. s, -OH), 6.80-7.20 (111, m, -CPIC=N), 7.20-7*70 (1H, m, 
-CHC=N), 7.80-9.10 (22H, m, -(CH^) -).' '
(Found: 0, 75*3; H, 11.3; N, 6.5%; H+, 223. C^H^NO requires
Bicyclo f7*2.1~| dodecan-12-one oxime (10?, n = 7)
Bicyclo J7.2..l] dodecan-12-one (21.5 g» 0.12 mol) and hydroxylamine 
hydrochloride (39 g» O.56 mol) in a mixture of ethanol (110 ml) and 
water (35 ml) under nitrogen was treated with solid sodium carbonate 
(30 g, 0.28 mol). The resulting mixture was warmed, carefully and' 
heated under reflux for 6 days. The cooled reaction mixture was 
filtered and the residue washed with hot ethanol. The filtrate 
was evaporated .down under reduced pressure to a yellowish oil.
The oil was taken up in water (500 ml) and extracted with ether 
(3 x 60 ml)• The combined ethereal extracts were dried (MgSO^), 
filtered and evaporated to a purplish oil. Some crystals formed in 
the oil on cooling and these were filtered off (2 g). The filtrate 
(19 g) was chromatographed over neutral alumina (170 g, 100-24-0 mesh) 
•with petroleum ether (60-80°) as eluent. Unreacted bicyclic ketone 
(7*6 g) was the only compound eluted, the oxime was retained 011 the 
column. The alumina was removed from the column and stirred with 
methanol and the mixture filtered. The filtrate was evaporated 
down under reduced pressure to yield a purplish solid. This was 
combined with crystals (2 g) obtained earlier and recrystallised 
twice from aqueous ethanol (charcoal).
Yield: 5*6 g (37%)» m.p. 103-104.5°. A portion was recrystallised
tv/ice from aqueous ethanol (charcoal) as needles, m.p. 110.5-112.5°*
y ^ U^oD3300 (br, OH) and 1667 (C=N) cm"1, max.
T O .37 (1H, s, -OH), 6.60-7*20 (1H, m, ~CHC=N), 7*20-7.70 (1H, m, 
-CHC^N), 7*70-9.20 (18H, m, -(CH2)n-).
(Found: C, 73*6; H, 10.75; N, 7*2%; M+, 195. C^H^NO requires
12-Azabicyclo f9* 2.2~| pentadecan~13~one (108, n = 9)
. Bicyclo [9®2« l]'tetradecan*-l4-one oxime (14.7 g) was stirred 
. in polyphosphoric acid '('250. g). at 130° for 20 minutes. The. mixture 
was cooled and treated with ice-water to dissolve the polyphosphoric 
acid. The aqueous mixture was basified with a 50% sodium hydroxide 
solution with cooling. The precipitated solid was filtered off, 
washed well with water, recrystallised from aqueous methanol and 
dried.
Yield: 11*8g (80%). A portion v/as recrystallised twice from
aqueous methanol as a crystalline solid, m.p. 115°*
(Nuj°l)3 2 8 o 5 3190 and 3060 (NH), 1658 (CO) cm” 1 .1* m ax.
T Oo95~1.35 (1H, br.s, -NH-, exchangeable with D^O), 6*30-6*75.
. (1K, m, 7.30-9.20 (23H, m, -CHCO, -(CH2) ’
(Found: C, 75*4; H, 11*4; N, 6.4%; M+, 223. C^Ii^NO requires
c, 75*3; h , 11.3; n , 6.3%; M, 223).
10-Azabicyclo f?.2.2~| tridecan-11-one (108, n = 7)
Bicyclo [7.2. l[ dodecan-12-one oxime (5 g) v/as converted to'the 
bicyclic lactam by the same procedure in polyphosphoric acid (100 g).
The crude wet product was recrystallised from aqueous ethanol (charcoal) 
Yield: 3*5 g (7°%)* A portion was recrystallised, tv/ice from
aqueous ethanol (charcoal) and once from aqueous methanol as a 
crystalline solid, and finally by sublimation at 90°/0.2 mm,
m . p 0 88-89°.
y' (Nujol) 3^85 (free NH), 3280, 3180 and 3040-(H-bonded NH), max. 7 ‘
1650 (CO shoulder) and 164-2 (CO) cm”1. ^ (CCl^) 0.01M; 2.928 and
2*94-6 (free NH), 3*049, 3.14, 3.263 and 3.292 (all br, H-bonded NH).
lUCCl^) 0.001K; 2.925 and 2.945 (free.NH), 3.135 and 3*30 (very 
weak H-bonded NH).
(Found: C, 72.2; H, 11*1; N, 7*0%; M+, 195* C ^ H ^ N o '  requires
0, 73*8; H, 10.8; N, 7*2%; M, 195)*
12-Azabicyclo [9.2*2] pentadecane (109, n ’= 9)
12~Azabicyclo:[9o2.2] pentadecan~13~one (6*8 g, 0.03 mol) in
dry diethyl ether (60 ml) was added dropwise to a suspension of
lithium, aluminium hydride (1*58 g, 0.04 mol) in dry diethyl ether
(40 ml) vmder nitrogen* The mixture v/as heated under reflux for
3 days. The reaction mixture v/as cooled and the excess hydride
destroyed by careful addition of water. The mixture was filtered
and the filtrate dried (MgSO^), filtered and evaporated to a viscous
oil, which was distilled under high vacuum to give a colourless liquid.
Yield: 3.2 g (50%), b.p. 74-8.4°/0*05 mm. V" 2800 and 274-0 .max o
(piperidine ring) cm”1. M*, 209. C ^ H ^ N  requii’es M, 209..
t 6.90-7.56 (3H, m, -CHN-, -CH2N-), ,7.95-9.60 (24H, m, -CEG-,
-(CII2)n-, including a broad singlet centred at t 9*34- exchangeable 
v/ith D20, the NH proton).
The bridged piperidine gave a benzoylamide derivative v/ith 
benzoyl chloride in aqueous sodium hydroxide solution. This v/as^  
recrystallised tv/ice from petroleum ether (4-0-60°) as a crystalline 
solid, m.p. 83-84>5°*
V" (Nujol) 1624 (CON), 1598 and 1578 (Ar) cm”1, maxi.
(Found: C, 80.5; H, 10.3; N, 4*5%? M+, 313. C^H^NO requires
c, 80*5; H, 10.0; N, 4.5%; M, 313).
10-Azabicyclo [7.2.2~| tridecane (109, n = 7)
10-Azabicyclo [7.2.2] tridecan-11-one (3*1 g, 0*016 mol) and
lithium aluminium hydride (0*9 g, 0.024 mol) in dry diethyl ether
(60 ml) gave by the above procedure a similar viscous oil which v/as
distilled under high vacuum under nitrogen to give a colouless liquid.
Yield: 1*06 g (37%), b.p* 51°/0.05 mm. V" 2800 and 2735max.
—  1 -f-
(piperidine ring) cm * M , 181. C ^ H ^ N  requires M, 181.
T 6*80-7*30 (3H, m, -CM-, -CH2N-)s 7*30-9*4-0 (20H, m, -CHC-,
-(CH^)^- , including one exchangeable proton the resonance position 
of which could not be assigned).
[9](2,5)Pyridinophane(110, n = 9).
12-Azablcyclo [9*2.2jpentadecane (3*1 g) was heated with' 10% 
palladium on charcoal (100 mg) in 1-methylnaphthalene (15 ml) at 
such a rate as to cause the hydrogen to be evolved steadily* When 
the evolution of hydrogen was complete the cooled reaction mixture 
was diluted to 60 ml with petroleum ether (6O-8O0) and filtered to 
remove the catalyst. The filtrate was .extracted with 3N sulphuric 
acid solution (3 x 15 ml), the combined acid extracts were extracted 
v/ith petroleum ether (60-80°)(2 x 20 ml). The aqueous acid phase 
was then basified with 3N sodium hydroxide solution and extracted 
with petroleum ether (60-80°)(3 x 20 ml). The combined ethereal 
extracts were dried (MgSO^), filtered and evaporated to give a pale- 
greenish liquid, distillation under high vacuum afforded the product 
as a colourless liquid.
Yield: 2 g- (66.5%), b.p. 78~80°/0.055 mm, n^° 1.5338. .
Lit.-5 b.p. 80-81 °/0.04- mm. V  1596 and 1565 (Ar) cm"1.1 / max.
\ „ (EtOH) 218 (> 6800), 273 ( £ 3270) and a shoulder at 279*5 nm.max»
^ 1.71 (1H, d, J 2.1 Hz, a-H)f 2.?2 (1H, dd, J 2.1 and 7.7 Hz, y -H), 
3*06 (1H, d,; J_ 7.7 Hz, (3-H), 6.88-7.72 (4-H, in, -CH2Py), 8.10-10.3 
(14-H, m, -(C1I2)^ «). M+, 203. C^ifH2 N^ requires M, 203»
[9](2,5)Pyridinophane afforded a crystalline methiodide on 
refluxing with methyl iodide in methanol, m.p. 124-.5-125*5° from • 
ethanol-diethyl ether.
V -  (Nu.iol) 1630, 1577 and 1529 (Ar) cm
lilcXX#
-1
^ ^ (EtOH) 219 (s 20sOOO) and 280 nm (e 65OO)fflclX •
t* 0A5 (1H, br.s, oc~H), 1.62 (1H, br.d, J 8.6 Hz, y-H), 1.93 
(1H, d, J 8c6 Hz5 (3-H), 5*^0 (311, s, CI^N*), 6.15-7*30 (3H, in, three 
-CH^Py type protons), 7*73-9-73 (1^ H, m, -(CHp)g-, and one methylene 
proton, and the fourth -CH^Py type proton), 10.^5-11*08 (1H, m, the 
other methylene proton)*
(Pound: C, 52.1; H, 7*2; N, k,2%« C^H^NI requires C, 52.2;
H, 7*0; N, k.T/o).
[9] (2,5)Pyridinophane hydrochloride
[”9] (2,5)Pyridinophane (300 mg) in dry diethyl ether (10 ml) 
was treated with dry hydrogen chloride gas to afford the pyridinophane 
hydrochloride as a tacky solid. Solvent was removed under reduced 
pressure and the residue dried under vacuum over CaCl^. ’.The crude 
solid was recrystallised from' ethanol-diethyl ether as a solid which 
crystallised with one molecule of water, m.p. 151°* 
t * ca. 0.6 (1H, v.br.s, HN+),:1.45 (1H,- d, J 1.9 Hz, a-H), 1.8;+
(1H, dd, J 1.9 and 8.2 Hz, y-H), 2.30 (1H, d, J 8.2 Hz, (3-H), 6.20- . 
6.60 (1H, m, oc-CHPy), 6.95-7*3^ (3H, m, p-GHgPy, and the other 
a -CHPy proton), 7.89-10.10 (14h, m, -(CH^-).
(Found: C, 65.0; H,. 9*2; N, 5*3%* C^H^CIN.H^O requires C, 65.2;
H, 9A; N, 5 * W *
[9] (2,5)Pyridinophane dimethyl sulphate salt (159)
[9] (2,5)Pyridinophane (250 mg) was heated v/ith dimethyl 
sulphate (1 ml) for a few minutes to form a dark-brown oil. This 
■was washed with dry diethyl ether to remove unreacted dimethyl 
sulphate. After standing for several weeks in a vacuum desiccator 
over CaC-lg a few crystals of a very hygroscopic compound v/as 
obtained from the dark-brown oil.
The N.M.R. spectrum of this compound is shown on page
[7] (2,5) Pyridinophane (.110, n = 7)
10-Azabicycio £7*2,2] tridecane (600 rag) was-dehydrogenated 
over 10% palladium on charcoal (150 mg) in 1-methylnaphthalene (5 .m! 
he ated under reflux for 5*5 h. The crude product v/as isolated by 
the same procedure as for the [9] pyridinophanef Distillation under 
high vacuum under nitrogen afforded the product as a colourless 
liquid*
Yield: 300 rag (51%), b.p. 50-55°/0.055 mm. The product v/as:
redistilled, for spectroscopic examination and microanalysis.
V _  1582 and 1556 (Ar) cm-1. A _  (EtOH) 230.5 (e 6240) .and
Illciu£e IllcwCe
284*5 nm (s 3320).
t 1.77 (1H, d, J 1.9 Hz, a ~H)9 2.68 (1H, dd, J 1.9 and_7*7 Hz, y~ 
3*00 (1H, d, J 7.7 Hz, (3-H), 6.95-7.70 (A-H, m, -CHpPy), 8.10-10-25 
(9H, m, -(CHp)^ ~ and one central methylene proton), 11.00-11.78 (1H, 
m, the other central methylene proton).
(Found: C, 82.3, 8l.8; II, 10.3, 10*4; N, 7*9, 7*8%; (M + 2)+ 177,
0.5% ’of M+; (M + 1)+ 176, 14.7% of M+; M+, 175* C ^ H ^ N  requires
C, 82.2; H, 9*8; N, 8.0%; (M + 2) 0.85% of M; (M + 1) 13*6% of M;
M, 175).
£7] (2,5)Pyridinophane afforded a crystalline methiodide on
heating v/ith methyl iodide. Recrystallised from ethanol-diethyl
ether as a crystalline solid, m.p. 270-275°(sealed tube).
V'm ' (Nujol) ’1623, 1571 and 1522 (Ar) cm"1.
X (EtOH) 214.5 (s 25,000) and 293 nm ( e 5500).max.
T* 0.14 (1H, br.s, a-H), 1.69 (1H, br.d, J 8.5 Hz, y-H), 1.94 
(1H, d, J 8.5 Hz, P -H), 5.38 (3H, s, CH^N*), 6.10-7*54 (A-H, m, 
-CHpPy), 7*78-10.00 (9H, m, -(OII^ )^ - and one central methylene 
proton), 11.38-12.10 (1K, in, the other central methylene proton)*
(Found: C, 49*4; H, 6.6; H, 4.5%. C^H^NI requires. C, 49*2;
H, 6.4; N, 4.4%).
• 2-Ethoxycarbonylcyclododecanone (126)
151Tills v/as prepared by the method of Rhoads et al. from 
cyclododecanone (20 g) and 50% sodium hydride dispersion (10S6 gf 
from which the mineral oil had been removed, by washing v/ith dry 
benzene) in dry diethyl carbonate (175 ml) und,er nitrogen.
Yield: 21.5 g (77%), b.p. 112-114°/0c045 mm, n^1 1.4795*
tit.1'51 b.p. 155“157°/3 mm. ' v" . .
'V' 1739 (br, ester), 1706 (GO), 1639 (chelated conjugatedmax. .
ester), 1606 (br, chels.ted conjugated C=C stretch).
T -2.76 (enolic OH), 5*90 (2H, q, J 7*2 Hz, -0CH2~), '6.58 (1H
including the enolic OH; four lines, the X part of an ABX system, .
JAX + JBX 14.4 Hz, C0GHC02«), 7.27-9*10 (23H, m, AB part of the
ABX system -CHJ3HC0, ~(CH~) including triplet at t8.75» -J 7*2 Hz,. c, n —
CH^CEpO-).
' Attempted preparation of Bicyclo f~9»2.2\ tetradecan-14-ohe (106, 11 = 9)
The reaction of 2-ethoxycarbonylcyclododecanone (21 g) v/ith
I,2-dibromoethane (17 g) in the presence of sodium hydride,(4 g).in
112dry xylene (75 ml) by the method of Nozaki et al., failed to give 
the required compound. After the hydrolysis stage on3,y cyclododecanone 
was recovered.
Ethyl 4-phenylbutyrate
4-Phenylbutyric acid (100 g), ethanol (450 ml) and concentrated 
sulphuric acid (20 ml) were heated under reflux for 24 h to afford 
the ester as a colourless liquid.
Yield: 110 g (94%), b.p. 138~140°/15 mm, n22 1.491?.
Lit.152 b.p. 111~113°/3 mm. V* 1731 (ester), 1605 and 1504 (Ar) cm".max.
T 2.89 (5H, s, Ar), 5*96 (2H, q, J 6.9 Hz, ~0CH2~), 7«40 (2H, ca.t,
J 6.7 Hz, ~CH2Ar), 7*60-8.40 (4h, m, ~(CH2)2~), 8.79 (3H, t, J 6.9 Hz,
CI^CH--).—5 2
4-p-(5-Ethoxycar,bonylpropyl)benzoyrbutyric acid (129)
116This v/as prepared by the method of Cram and Antar from 
ethyl 4-phenylbutyrate (39 g), glutaric anhydride (24 g) and 
anhydrous aluminium chloride (83 g) in dry tetrachloroethane (250 ml) 
at 0°. An improved yield v/as obtained by stirring the reaction, 
mixture, after the addition of the aluminium chloride had been 
completed, at 0° for 4 h, and then at room temperature for 5 h and 
finally left to stand overnight„
Yield: 29 g (47%) crude. A portion v/as recrystallised from diethyl 
ether as plates, m.p© 82-83°.
V  (Nujol) 3400-2400 (br, OH), 1722 (ester), 1690 (C0oH>, max. c.
1672 (CO)., 1605 and- 1572 (Ar) cm~1.
T (CCl^/CDCl^) -1*19 (1H, br.s, -OH), 2©15 (2H, d, J 8.2 Hz, aromatic 
protons adjacent to the side-chain carbonyl group and part of an 
AB system), 2.79 (2H, d, J 8.2 Hz, the other aromatic protons),
5.91 (2H, q, J 6.9 PIz, 0CH2-), 6.80-8.35 (12H, m,. -.(.CHa) 8.77
(3H, t, J 6.9 Hz, CH^-).
(Found: C, 66.9; H, 7*4%. ''^7^22^5 requires C, 66.65; H, 7*2%).
5~p-(3-Carboxypropyl)phenylpentanoic acid (130)
A mixture of the ha3.f~ester (72 g), hydrazine hydrate (32 g) 
and 87% potassium hydroxide solution (59 g) in digol (250 ml) was 
converted to the dicarboxylic acid by the procedure: of Cram and 
Antar116.
Yield: 55-3 g (89%) crude. A portion was recrystallised once from
diethyl ether and once from aqueous ethanol as a crystalline solid, 
m.p© 119-121°. Lit.116 m.p. 121-121.6°.
V  (Nujol) 3400-2400 (br, OH), 1691 (CO-H) and 1522 (Ar) cm"1, max. cL
Methyl 5-p~(3~methoxycarbonylpropyl)phenylpentanoate (q3-1)
5-£-(3~Carboxypropyl)phenylpentanoic acid (54 g) v/as heated 
under reflux overnight in methanol (325 g) and concentrated sulphuric 
acid (21 ml) to give the dimethyl ester.
Yield: 40*4 g (68%), b.p. 142-146o/0.045 mm, 1.4970.
Lit.116 beps l65~l66°/0.2 mm, n25 1.4952.
^  1733 (ester) and 1520 (Ar) cm"1max •
4,(5)- Hydroxy f9~] paracyclophdn-4(5)-one (132)
The dimethyl ester (40 g) in dry xylene (200 m3.) was added 
over 48 h to a Vibro-stirred suspension of sodium (13*6 g) in 
refluxing dry xylene (1.5 1) voider nitrogen. After the addition
completed the reaction mixture v/as stirred and refluxed foi* a
further 2 h. The work-up procedure v/as identical to that for the 
sebacoin preparation, but required only glacial acetic acid (40 ml) 
in xylene (40 ml) followed by v/ater (150 ml). Distillation under 
nitrogen of the viscous yellow residue afforded the mixed acyloin 
product as a very viscous yellow liquid.
Yield: 7*3 g (23%), b.p. 155-167°/0.o6 mm, n^° 1*5517*
Lit.116 b.p* 157-l60°/0.2 mm, n25 1.5502.
vr ■ 3480 (br, OH), 1705 (CO), 1612 and 1517 (Ar) cm"1.
Ill ©
T 3*00. (4H, s , Ar), 6.35-9*55 (15H, m, ~(CH2)n~, -CIIOH, and the 
OH proton assigned on Dp0 shake), 9*58-10.30 (111, m, one of the 
bridging-methylene protons).
£9] Paracyclophan-5~one (133)
The crude acyloin mixture (7 g) was refluxed v/ith 55% 
hydriodic a.cid so3.ution (10 ml) in glacial acetic acid (50 ml) 
for 3 h. The usual isolation procedure gave, after two distillations 
the bridged ketone as a low melting solid.
Yield: 3 g (4-6%), b.p* 102~105°/0.07 mm, m.p* 54.5-56° (plates
*1 "17 ofrom n-pentane). Lit.’. m.p..52-56*5 *
V  (Nujol) 1698 (CO) and 1513 (Ar) cnr1. max.
t 3 * 0 4  (4h, s , Ar), 7 * 4 1  (4h, ca.t, J 5 * 9  Hz, -CH2Ar), 8.6.1 (12H, 
br.s, -CH2C0, and -(CH^)^-).'■ M+, 216. C^^H2qO requires M, 216.
£9] Paracyclophane (134)
£9] Paracyclophan-5-one (1 g), hydrazine hydrate.(7 ml), 
ethanol (10 ml) and digol (10 ml) v/ere heated under reflux for 3 h* . 
Potassium hydroxide pellets (2.5 g) were then added and the mixture 
heated to a bath temperature of 210° and held at this temperature 
for 2®5 h. The cooled mixture was taken up in water (200 ml) and 
extracted with ether (3.x 20 ml). The combined ethereal extracts 
were dried (MgSO^), filtered and evaporated. The crude oily residue 
v/as distilled under high vacuum to afford the [9] paracyclophane as 
a colourless liquid.
Yield: .460 mg (49%), b.p. 70-75°/0.06 mm, n19*5 1.5358.
Lit.116 b.p. l40-l45°/0.2 mm, n29 1.5335.
V  •* 1614 and 1514 (Ar) cm*"1 •max.
T 3*00 (4H, s, Ar), 7.44 (4n, ca.t, J 6.2 Hz, -CH2Ar)s 8.38-10.12 
(14H, m, -(CH2)^ -). M+, 202. ^'15^ 22 re(lu^res 202.
Dimethyl sebacate
Sebacic acid (250 g) was esterified by refluxing v/ith methanol 
(400 g) and concentrated sulphuric acid (40 ml).
Yield: 237*5 g ~ (83*5%), b.p. 104-107°/0.45 mm, 162~165°/13 mm.
Lit..1*^ b.p. 158°/9*5 mm. (Nujol) 1737 (ester) cm*"1.
Methyl hydrogen sebacate (135)
A mixture of sebacic acid (250 g), dimethyl sebacate (165 g), 
di-n-butyl ether (62 ml) and concentrated hydrochloric acid (31 ml, 
37*5 g) was heated at an. oil-bath temperature of 160-1700 until
ohomogeneous. The temperature of the oil-bath wa.s. reduced to 120-130
and methanol (39*6 g) was added down the condenser. The mixture 
v/as refluxed for 2 h and then more methanol (13«2 g) v/as added and 
the refluxing continued for 2 h. Excess methanol, di-n-butyl ether 
and water were removed under v/ater-pump vacuum through a cm 
lagged plain column, dimethyl sebacate distilled over as the next 
fraction at 165-167°/1^  mm and finally methyl hydrogen sebacate 
distilled at 202-203°/1*f mm a.s a colourless, low melting crystalline 
solid. .
Yield: 138c^  g (32%). Lit.1^  b.p. 168-170o/3 mm.
V  (Nujol) 3^00-2400 (br, OH), 1733 (ester), 1700 (br, CO-H) cm"
HlcOC® cL
T* -0.83 to -0.A5 (1H , br, -OH), 6.32 (3H, s, CH^O), 7.63 (2H, t,
J 7«2 Hz, -CH^CO 
(12H, m, -(CH2)6-)c
Methyl 9-chloroformylnonanoate (136)
Methyl hydrogen sebacate (138 g, 0.6A:mol) was heated under 
reflux v/ith thionyl chloride (9 k g, 0.80 mol) for 3 h to give the 
acid chloride.
Yield: 1^1.3 g (9^.5%), • b.p. 123°/0.6 mm, V"  ^ 1798 (C0C1),maXo
173^ (ester) cm~^. Lit.^^ b.p. 158-160°/10 mm.
1-Morpholino-1-cyclohexene (137)
156This was prepared by the method of Hunig et al., from
cyclohexanone (1^7 gs 1®5 mol), morpholine (137 g? 1®8 mol), and
£-toluenesulphonic acid. (1.3 g) ia. toluene (300 ml).
Yield: 192 g (77%), b.p. 121-123°/1zf mm, v P  . 1.511zi-. ^  1650
i ) max.
Lit.156 b.p*. 118-120°/10 mm, n^5 1.3122 - 1.5129-
2-(1-0xo-9~methoxycarbonylnonyl)cyclohexanone (138)
A mixture of 1-morpholino~1-cyclohexene (110.3 g), anhydrous 
triethylamine (66.3 g) and dry chloroform (750 ml) v/as treated with 
methyl 9-chloroformylnonanoate (1^ -1 g) according to the procedure
2H), 7.68 (2H, t, J 7.5 Hz, -CH2C02C^), 8.10-8.95
cm
n . 18
of Hunxg and Lucke .
Yield: 134*5 g • (69%) crude, b.p. 182-1860/0.8 mm.
' Y  1735 (ester), 1710 and 1610 (b.r, G0CHG0) cm”1.max s
Undec-IQ-enoyl chloride (142)
This was prepared by treating. undec-IO^enoic acid (97 Si 0..53 mol) 
v/ith thionyl chloride (125 g, 1.05 mol).
Yield: 79 g (73.5%), b.p* 128-130°/14 mm. Lit.157 b.p. 127.5-
128°/13 mm. Y  1796 (C0C1), 1639 (C=C) cm"1, max.
2-(1-Oxo-uudec-IO-enyl)cyclohexanone (143)
Undec-10-enoyl chloride (79 g» 0.4 mol) in dry chloroform 
(120 ml) was added over 1*5 h to a stirred mixture of 1-morpholino-
1-cyclohexene (65.2 g, 0,^  mol), anhydrous triethylamine (39«5 g? '
0.4 mol) and dry chloroform (220 ml) at 35°. The addition completed, 
the mixture v/as stirred at 33° for a further 2*5 h. 20% Hydrochloric 
acid solution (359 ml) was then added and the mixture heated under 
reflux with vigo&rous stirring for 5 h. The reaction mixture was 
cooled to room temperatvire, the chloroform layer v/as separated and 
extracted v/ith water (5 x .100 ml). The combined washings and aqueous 
phase were adjusted to a pH of 5 to 6 v/ith 25% sodium hydroxide 
solution and extracted with chloroform (4.x 100 ml). The chloroform 
extracts were combined with the chloroform layer and dried (MgSO^), 
filtered and evaporated. The resultant yellowish-red.oil was dis­
tilled under high vacuum as a pale-yellow oil.
Yield: 68 g (66%), b*p* l42-l45°/0.2 mm. Lit.^8 b.p*. l45°/0.5 mm.
A.portion v/as redistilled under nitrogen as a colourless liquid, 
n^ 2 1.4957. Lit.158 njp 1*4938.
V  1720-1700 and 1620 (br, CO-CH-CO) cnf1.max«
T* 3.83-4.57 (1'H, m, ~CH=),. 4.84-5*28 (2H, m, CH^), 6.40 (.111, m, 
COCHCO), 7.45-8.90 (24H, m, -CI^CO, ~CH2C~, -(CH2)n~)c
(Found: C, 77.1$ H, 10.55* Calc* for C ^ H ^ O ^  C, 77*2; H, 10.7%).
7-0xo-heptadec-l6-enolc acid (1^0
2-(1~0xo~undec*-10-enyl)cyclohexanone (65 g? 0.25 mol) in 
absolute ethanol (120 ml) v/as added to a stirred solution of sodium 
hydroxide (25 g, 0.62 mol) in absolute ethanol (300 ml) at room 
temperature. The mixture was slowly heated to reflux and held there 
f03? 2 h. The white solid was filtered off, washed with ethanol 
and diethyl ether and dried (89 g)® The crude rnonosodium salt v/as 
dissolved in warm water (300 ml) and;, acidified with 3N hydrochloric 
acid. The solution was cooled and the precipitate solid filtered 
off 5 washed v/ith water and. dried.
Yield: 5^*5 g (78.5%)? m.p. 59-61°. A portion was recrystallised
from chloroform-petroleum ether (^ 0-60°) as a crystalline solid, 
m.pe 66-68°. Lit.^^ m.p. 68.5~69*5°-
y' (Nujol) 3050 (br, OH), 1700 (br, CO and C0oH), 1630 (sh. band, max. c.
C=C) cm"1.
T * -1 o 15 (1H, s, OH), 3•9^-55 (1H, m, -CH=), 85-5*27 (2H, m, CH^O
7.^0-8.90 (26H, m, -CH2C=, -CH2C0, -(CH2)n-)°
(Found: C, 72.A-; H, 10.6. Calc, for C^H^O^: C? 72.3; ' H, 10.7%)
7-0xo~h.exadecanedio.ic acid (l*f5)
Powdered potassium permanganate (112 g, 0*71 mol) v/as added 
in portions over 5i  to a stirred solution of 7~°xo~heptadec-l6-enoic 
acid (50 g, 0.18 mol) in dry acetone (600 ml) at 25°« The brown- 
black precipitate v/as filtered off and digested in hot 20% sodium 
carbonate solution (11) for 30 minutes. The mixture v/as filtered 
and the residue washed v/ith water (1 1). The combined washings and 
filtrate were acidified with 20% hydrochloric acid. The precipitated 
solid was separated from the solution by centrifuging and finally
washed free of acid on.a filter-pad. The solid was dried under 
vacuum at 70°.
Yield: ^+34 g, crude m.p. 90-9^°* Lit.^^ m.p* ,113-113«5°*
The ke'todi car boxy lie acid yielded a crystalline semicarbazone, 
m.p. 124126°(from ethanol). Lit.^^ m.p* j22-12^ f°.
Pisodium 7-oro-hexadecanedioate (139)
2-(1-Oxo-9-*methoxycarbonylnonyl)cyclohexanone (13^ g) on 
treatment v/ith sodium hydroxide (56 g) in absolute ethanol (700 ml) 
by a similar procedure to that for (14) gave 7-oxo-hexadecanedioic 
acid isolated as its disodium salt.
Yield: 153 g crude.
V 4  (Nujol) 17(4 (CO), 1560 (br, CO„~) cm"1.la 8.X © cL
Hexadecanedloic acid (40)
82% Hydrazine hydrate 48 ml) was added to a stirred solution of 
7-oxo-hexadecanedioic acid (45)40 g) and potassium hydroxide (16 g) 
in triethanolamine (200 ml) at 130°. The mixture was then refluxed 
for k h. After this time the heating was stopped, the condenser 
removed and a hot solution of potassium hydroxide (2k g) in triethanol­
amine (80 ml) was added carefully to the hot reaction mixture. The 
open mixture was heated rapidly to 195° and held there for 5 h. The 
mixture was cooled to about 100°, washed out of the flask v/ith hot 
v/ater (1 1) and then acidified v/ith concentrated hydrochloric acid 
to pH 2 to 3* The precipitated solid was separated and washed by 
centrifuging and dried in a vacuum oven at 75°® The solid was 
recrystallised once from concentrated nitric acid and tv/ice from
1,2-dichloroethane as an off-white crystalline solid.
Yield: 18 g, crude m.p. 1(4-108°. Lit.^° 124126°.
The crude disodium salt (139) (92 g) v/as reduced with 82% hydrazine
hydrate (108 ml) and potassium hydroxide (5^ g) in triethanolamine 
(630 ml) by a similar procedure to that given above for (1^-5)*
The.crude product was recrystallised once from concentrated nitric 
acid to give an almost white crystalline solid.
Yield: ^8 g crude based on 1~morphoIino~1~cyclohexene) ,
ra.p. 113-118°;- Lit.118' nup, 12^ -126°.
(Nujol) 3^ 00-2^ -00 (br, OH), 1?00 (br, C0oH) cm"1.
HlcBuC e CL
Dimethyl-hexadecanedioate (141)
Hexadecanedioic acid (8^ g) was esterified by refluxing 
with methanol (320 ml) and concentrated sulphuric acid (30 ml) for 
18 h. ■;
Yield:. 7-0 S (76%), m.p. k2.-kk° (plates from methanol), b.p. 139- 
'\k']°/0*0k mm. Lit.1^  m.p. 51®6°, b.p. 203-7°/3 mm.
V  " (Wujol) 1740 cm"1. T * 6.37 (611, s, CH,0), 7.71 (4-H, t,
IU&X+ 2
. ■ / • ' • - ■ * .-
J 7.^  Hz, -CH2C02), 8.10-8.90 (2^ H, m, -CH2C02, -(CH2)n~).
(Found:. C, 68.6; H, 10.8. Calc, for C5 68.73; -H, 10.9%).- "
2-Hydroxycyclohexadecanone (1^ -6)
. Dimethyl hexadecanedioate (7 g) in dry xylene (20 ml) was
cyclised by .a similar procedure to the preparation of sebacoin (60)
with sodium (2.1 g) in refluxing dry xylene (^ -00 ml) over 3 h.
Yield: g (60%) crude, b.p. 120-123°/0.073 mm . A. portion
was recrystallised twice from n-pentane at -10° . to give a crystalline
solid, m.p. 51-32°. Lit.*^ b.p. 138-1^-0°/0„ 1 mm, m.p. 57-58°.
V" (Nujol) 3^00 (OH), 1706 (CO) cm"1, max.
t5*92 (1H, br.t, -CHOH), 6.6*f (1H, br.s, OH), 7®65 (2H, br.t, -CH2C0), 
7.90-9-00 (26H, m, -CH2CH0H,
^f,5-(Tetradecamethylene)imidazol-2( 1H)-one (1 8^)
2-IIydroxycyclohexadecanone (3 g) and urea (1.3 g) were heated
under reflux in glacial acetic acid (25 ml) for 6 h© The solvent 
was removed under reduced, pressure and the residue treated with 
dry.diethyl ether. The precipitated.off-white solid was filtered 
and washed with diethyl ether. The solid was stirred with \tfater 
(100 ml) for a short time, filtered and dried.
Yield: 1.5 g-crude. Recrystallisation from ethanol gave needles,
m.p© .'.'214-216°(deconD.y'(Nujol) 3400-2600 (hr, NH), 1689, 1650 (br,. max.
CON) cm"*1.
T* 0.54 (2H? m, -NH-), 7*50-7.90 (4h, m, ~CH2C=), 8*20-9.00 (24H, 
hr.s, -(CH2>12-).
(Found: Cf 73»4>H, 10.65; N, 10.0%; M*, 278. C^H^qN^O . requires,
o, 73-3; H, 10.9; N, 10.1%; h, 278). •
4,5-(Tetradecamethylene)oxazole (150) and 4s5-(Tetradecamethylene)~ 
imidazole (151)
2-Hydroxycyclohexadecanone (2.8 g) and concentrated sulphuric 
acid (1 g) in excess formamide (8 g) were heated and stirred at 100° 
for 3 h and then at 150° for 1 h under nitrogen. The reaction mixture 
was-poured onto iced-water and extracted with chloroform (2 x 15 ml). 
The combined chloroform extracts were dried (MgSO^), filtered and 
evaporated to yield a semi-solid residue. This was taken up in a 
small amount• of . diethyl, ether and filtered. The filtrate was evax>ora~ 
ted to an oil which was distilled under high vacuum to afford a 
viscous, yellow oil (440 mg), b.p. l40-150°/0.08 mm.
The residue was recrystallised from benzene as a crysta3.1ine 
solid (500 mg), m.po 201-202° (shrinking from 198°).
The spectral properties of both these compounds are described 
as follows: -
Compound (150)
, _ 'j
V  1630 and 132.0 (oxazole ring) cm . max.
T 2*46 (1H, s, oxazole ring proton), 7*30-7*90 (4h, m, ~CH2G=),
8.10-8.90 (24ll, br*s, -(CH2)12-)c
M+, 263® C.r?IionN0 requires M, 263®" I ( csj. *”*
Compound (131)
V  / (Nujol) 3200-2400 (NH),16o4 (imidazole ring) cm” .^ max®
. T * 2.13 (1H, br, NH exchangeable on D20 shake), 2*34 (1H, s,
imidazole ring proton), 7*47 (4H, t, J 6.9 Hz, ~CH2C=), 8.30-8.93
(24H, br.s, -(CH2)12-).
(Found: C, 78.1; H, 11*5; N, 10*6%; M+, 262. ^^7^30^2 re<2u~res
C, 77*8; H, 11.3; Nf 10®7%; M, 262)*
Cyclohexadecanone
A mixture of 2~hydroxycyclohexadecanone and cyclohexadecane-
dione (crude acyloin cyclisation fraction) (8*3 g) was reduced to
12*fcyclohexadecanone by the method of Reusch and LeMahieu with 53% 
hydriodic acid (20 ml) in glacial acetic acid (63 ml).
Yield: 2*1 g, b.p. 107-110°/0®07 mm. The cyclic ketone gave a
o 75crystalline seraicarbazone, m«p® 181-182 (from ethanol)® Lit®
m.p. 180-181°®
(Found: C, 69® 1; H, 11*2; N, 14.2. Calc* for C^H^N^O: C, 69*1
II, 11.3; H, 14.2%).
Cyclodecanone
The crude acyloin fraction (43.8 g) from the sebacoin prep­
aration 'was reduced by the same procedure with'33% hydriodic acid 
(173 ml) in glacial acetic acid (230 ml).
Yield: 33.5 g (8.156), b.p. 105-108°/12 mm, n|2 1,'+8l9.
Lit.12^ b.p. 99-101°/8 mras n^ 5 1*4810.
' • Q
Cyclodecanone gave a crystalline semicarbazone, m.p* 202o3~*203®3 
(plates from ethanol). Lit*^2  ^m*p. 203*3-203®3°®
(Found; C, 62*4; H, 10*0; II, 20.23® Calc, for C^H^N^O: C, 62*3
H, 10*0; N, 19*9%)•
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